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ABSTRACT

Author: O’Connor, Lauren, E. PhD
Institution: Purdue University
Degree Received: May 2018
Title: The Effects of Consuming Red Meat on Indexes of Cardiometabolic Health and Personal
Well-being
Committee Chair: Wayne Campbell
Red meat consumption is recognized to increase the risk of developing cardiovascular
disease, however, the totality of the evidence does not support this. The recommendations to
limit red meat consumption, such as in the Dietary Guidelines for Americans’ omnivorous
healthy eating patterns, are largely based on data from observational cohort studies which assess
red meat intake in the context of a Western-style eating pattern. In these studies, “red meat” is
often ill-defined and grouped with processed meat as one intake category leading to inconsistent
associations between red meat intake and cardiometabolic disease risk. Unprocessed red meat,
independent of processed meats, is consistently weakly or not associated with cardiometabolic
disease development and related-mortality. In agreement, the compilation of randomized
controlled trial data in this dissertation shows that red meat consumption, mainly unprocessed
beef and pork, has no negative effect on cardiovascular disease risk factors. The results of the
randomized crossover controlled trial included in this dissertation shows that the inclusion of
lean unprocessed red meat in a Mediterranean-style eating pattern does not hinder improvements
in cardiovascular disease risk factors induced by consuming the eating pattern. However,
adopting a Mediterranean-style eating pattern while lowering red meat intake may inhibit
potential reductions in atherosclerotic-promoting lipids and lipoproteins and modest short-term
improvements in individuals’ vitality level to accomplish necessary daily tasks. Overall, on
average, U.S. residents are consuming red meat amounts similar to what is recommended by
governing agencies. U.S. residents can consume a Mediterranean-style eating pattern with typical
amounts of lean unprocessed red meat to improve cardiometabolic disease risk factors and
indexes of personal well-being. Future guidance regarding meat intake should provide
recommendations specific not only to source and amount of meat consumed but degree of meat
processing and overall eating pattern quality.
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LITERATURE REVIEW

1.1

Red Meat and Health: Getting to the Heart of the Matter
Section 1.1 is adapted from the following citation: O’Connor LE, Campbell WW. Red meat

and health: getting to the heart of the matter. Nutr Today 2017;52(4):00-00.
Consumption of red meat in the United States has progressively declined over the past 35
years. This occurred in conjunction with public recommendations to reduce red meat intake,
based mainly on associations between higher red meat intake and increased chronic disease risk.
This narrative review presents and discusses results from both observational cohort studies that
focus on cardiometabolic disease development and mortality and randomized controlled trials
that focus on cardiometabolic disease risk factors. This review will also address the potential
effect of categorizations of red meat and processed meats on our understanding of
cardiometabolic health implications of consuming red meat.
1.1.1

Cardiometabolic Disease in the United States
Cardiometabolic disease risk refers to the chances of developing cardiovascular disease

(CVD) or type 2 diabetes. More than 50% of the US population aged 19 years or older has
dyslipidemia and/or hypertension, which are modifiable CVD risk factors (1), whereas
approximately 27% of the adult population is prediabetic, assessed by clinical measures of
insulin-mediated glucose control (2). Each year, 735,000 and 610,000 Americans experience a
myocardial infarction and CVD-related mortality, respectively (3). In the United States, 1.4
million Americans receive a diagnosis of diabetes annually, with 90% of those cases being type 2
rather than type 1 diabetes (2). Importantly, CVD-related mortality is 1.7 times more common in
adults with diabetes compared with those without diabetes (2).
There are adaptable lifestyle practices that can reduce cardiometabolic disease risk,
including consumption of a healthy eating pattern. The Dietary Guidelines for Americans often
recommend reducing red meat consumption (no more than approximately 3–4 servings per week,
2–3 oz per serving) to lower cardiometabolic disease risk. There are other potential reasons to
consider how much red meat to consume, such as cancer risk (4) and environmental
sustainability (5); however, this brief narrative review will focus on cardiometabolic disease risk.
The purpose of this narrative review is to summarize the evidence about the potential
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implications of consuming higher amounts of red meat on cardiometabolic disease development,
related mortality, and the associated risk factors by comparing results from observational cohort
studies and experimental randomized controlled trials.
1.1.2

But First, What is Red Meat?
Red meat can be defined by 1) a technical meat science perspective addressing the

muscle fiber type and myoglobin content of meat, 2) an agricultural perspective of animal
source, and 3) an industry perspective of meat processing. The 2015–2020 Dietary Guidelines
for Americans defines red meats as “all forms of beef, pork, lamb, veal, goat, and nonbird game
(eg, venison, bison, elk).” Lean meats, inclusive of lean red meats, “contain less than 10 g of
total fat, 4.5 g or less of saturated fat, and less than 95 mg of cholesterol.” Unprocessed meats are
preserved by refrigeration or freezing only, whereas processed meats are preserved by smoking,
curing, salting, and/or the addition of chemical preservatives (6).
As stated by the 2015 Dietary Guidelines Advisory Committee, classification of meat, or
red meat, throughout scientific literature is inconsistent. For example, when assessing dietary
intake, researchers often classify red meat with processed meat, which has been defined as “total
meat” (7) or “red meat” (8). More recently, researchers classify unprocessed red meat
independently of processed red and white meats (7, 9) which still causes discrepancies. For
example, “beef, pork, or lamb as a sandwich or mixed dish” is seen categorized as unprocessed
red meat (10); however, sandwich meats and mixed dishes (such as pizza) can be prepared with
processed meats. In this narrative review article, we are limited by the definitions stated in each
research article.
1.1.3

Red Meat Dietary Guidance and Intake in the United States
The Dietary Guidelines for Americans, first released in 1980, provide evidence-based

recommendations to promote a healthy lifestyle and reduce chronic disease risk. The guidelines
are mandated by the US Congress to be updated every 5 years by the US Department of Health
and Human Services and the US Department of Agriculture (USDA) with help from a scientific
advisory committee of expert nutrition scientists (to see the scientific report of the 2015 Dietary
Guidelines Advisory Committee and the 2015–2020 Dietary Guidelines for Americans, go to
https://health.gov/dietaryguidelines/). One key message of the first 1980–1985 Dietary
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Guidelines for Americans was to reduce total fat, saturated fat, and cholesterol intakes to
decrease CVD risk. This recommendation was based on, at the time, emerging positive
associations between these nutrients and total blood cholesterol concentrations (11). To support
this dietary goal, Americans were encouraged to choose lean protein sources. Although the
1980–1985 Dietary Guidelines for Americans did not explicitly suggest limiting red meat
consumption, healthcare professionals began recommending consumption of white meat rather
than red meat to lower total and saturated fat intakes. This period coincides with a drop in total
red meat intake matched by a rise in poultry intake in the United States, as shown by food
availability data adjusted for estimated losses (Figure 1).

Consumption per U.S. capita (lbs)

160
140
120
100
80
60
40
20
1965
1967
1969
1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2001
2003
2005
2007
2009
2011
2013
2015

0

Total Red Meat

Total Poultry

Figure 1.1 Red Meat and Poultry Approximate Intake Data Over Time
Data are adapted from the US Department of Agriculture’s Economic Research Service and are derived from food
availability adjusting for food spoilage, plate waste, and other losses (https://www.ers.usda.gov/data-products/foodavailability-per-capita-data-system/food-availability-per-capita-data-system/#LossAdjusted%20Food%20Availability).
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Figure 1.2 U.S. Red Meat Consumption Versus the Average Recommendation
*The average red meat intake recommendation is based on eating patterns available from the 2005–2010,
2010–2015, and 2015–2020 Dietary Guidelines for Americans.

The concept of a healthy eating pattern, defined as a combination of foods and beverages
recommended for consumption to reduce chronic disease risk, was first introduced by the Dietary
Guidelines for Americans starting in 2005. Throughout the evolution of these eating patterns
such as the Dietary Approaches to Stop Hypertension (DASH) and the USDA’s Healthy
Mediterranean-Style Eating Pattern, red meat recommendations were explicitly or implicitly
presented in various food groups and recommended amounts (Table 1). Assuming an average
serving size of red meat is 2 to 3 oz, as stated by the American Heart Association, these
recommendations are equivalent to less than 1 serving of red meat per day; Americans typically
consume approximately 1 oz above this quantity (Figure 2). The 2010–2015 Dietary Guidelines
for Americans includes a specific “meat” ounce recommendation (assumingly red meat based on
the other food groups included in the eating patterns), but the 2005–2010 Dietary Guidelines for
American and the 2015–2020 Dietary Guidelines for American’s red meat intake
recommendation is ambiguous. The Dietary Guidelines for Americans also emphasize that
protein sources, particularly meats, should be consumed in lean forms.
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Table 1.1 History of Red Meat Recommendations in the Dietary Guidelines for Americans
Healthy Eating Patterns

1.1.4

Review of the Evidence
Recommendations to limit red meat consumption are mostly based on evidence from long-

term observational cohort studies of humans’ eating habits. This type of prospective study
design, such as the Nurses’ Health Study, observes a group of people over time and relates their
eating habits to whether they develop a disease (ie, type 2 diabetes diagnosis or a CVD-related
incident such as a stroke) or related mortality. Observational study designs can detect
associations between these 2 variables but cannot confirm causality. To determine cause and
effect, tightly controlled randomized clinical trials are conducted. This type of study design
isolates 1 dietary variable to determine its effect on disease risk factors, such as blood total
cholesterol.
Randomized controlled trials are rarely conducted long enough to assess disease
development or mortality because of ethical and practical reasons. Because of this, clinical trials
usually measure intermediate disease risk factors such as blood lipids (total cholesterol and
triglycerides), lipoproteins (low-density lipoprotein cholesterol and high-density lipoprotein
cholesterol), blood pressures, and indicators of insulin-mediated glucose control such as fasting
blood glucose and insulin concentrations. For this section of the review, we will compare results
from commonly cited meta-analyses, which assess either associations between red meat
consumption and cardiometabolic disease development and related mortality via data from
epidemiological cohort studies, and the effects of consuming red meat on cardiometabolic
disease risk factors via data from randomized controlled trials.
The categorization of red and processed meat as one variable may be a driver for the
inconsistencies regarding red meat intake and cardiometabolic disease risk because total red meat
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consumption is inconsistently associated with a higher risk of CVD development (7, 12-14) or
CVD-related mortality (12). However, the story is clearer when these 2 variables are assessed
individually. Meta-analyses assessing unprocessed red meat consumption suggest little to no
increased risk of developing CVD (9-13) or CVD-related mortality (15) with higher intakes.
However, 6 of 8 entries in Table 2 (7, 9, 12-15) showed an increased risk of CVD development
and CVD-related mortality with higher processed meat intake (which is inclusive of processed
white meats and processed red meats). Consuming 50 g (~2 oz) of processed meat per day
showed up to a 42% increased risk of CVD development (7, 9) and consumption of the highest
versus lowest quintile of processed meats showed up to an 18% increased risk of CVD-related
mortality (12). Therefore, the inconsistencies associating total red meat consumption with an
increased CVD disease risk may be driven by the grouping of unprocessed red meats with
processed meats.
Results from randomized controlled trials complement the weak association between
unprocessed red meat consumption and CVD development. A recent meta-analysis of
randomized controlled trials in which the participants consumed mainly unprocessed beef and
pork support that total red meat consumption does not influence CVD risk factors, specifically
blood total, low-density lipoprotein, or high-density lipoprotein cholesterols, triglycerides, or
blood pressure (17). Another meta-analysis concluded that consuming unprocessed beef,
independent of all other red and processed meats, did not differentially affect blood lipids or
lipoproteins compared with consuming poultry and/or lean fish (18). Both of these analyses lack
assessment of processed versus unprocessed meats because of the paucity of experimental data
on this topic. There is a need for future randomized controlled trials to assess the health effects of
consuming unprocessed versus processed red and white meats on CVD risk factors.
The observational evidence associating total red meat consumption with the development
of type 2 diabetes is more consistent. Both meta-analyses assessing unprocessed red meat intake
showed a 19% increased risk of developing type 2 diabetes when consuming 100 g (~3.5 oz) per
day of unprocessed red meat (9, 10). In addition, all meta-analyses in Table 2 assessing
processed meat intake showed up to a 57% increased risk of developing type 2 diabetes when
consuming 50 g of processed meat per day (7, 9, 10, 16). Apparently, there is no compilation of
randomized controlled trials assessing the effects of red meat consumption on type 2 diabetes
risk factors, such as fasting glucose and insulin concentrations or insulin resistance; this is a need
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for future meta-analysis. However, 2 recent randomized controlled trials showed that consuming
higher amounts of red meat (~4-5.5 oz of beef or ~4 oz of pork (19) daily) within the context of a
dietary approaches to stop hypertension showed no influence on fasting glucose and insulin
concentrations.
Collectively, the available evidence from observational studies suggest little to no
increased risk of CVD development or CVD-related mortality from consuming unprocessed red
meats, but more research is needed to guide recommendations pertaining to type 2 diabetes risk.
The data from observational studies support a positive association between increased
cardiometabolic disease risk with processed meat consumption or more than 50 g per day, but
there is a need for randomized controlled trials to further assess the effects of consuming
processed meats on cardiometabolic disease risk factors.
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Table 1.2 Summary of Meta-analyses of Prospective Cohort Studies Assessing the Association
Between Red Meat Consumption and Cardiometabolic Disease Risk
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1.1.5

Possible Explanations
As stated previously, the Dietary Guidelines for Americans suggest that meat should be

consumed in lean forms to keep the saturated fat content of the diet below the recommended
10% of daily energy intake allowance. None of the meta-analyses presented in the previous
section investigated the effects of consuming lean versus nonlean red meats, and the evidence
about saturated fat consumption and cardiometabolic health are inconsistent (20). Although some
cuts of red meat are relatively high in saturated fat compared with other protein sources,
monounsaturated fats are the predominant fat source in red meats (Figure 3). Monounsaturated
fats are consistently linked with positive cardiometabolic health outcomes (21), especially in the
context of a Mediterranean-style eating pattern (22).
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Figure 1.3 Fat Content of Commonly Consumed Red Meats
Data adapted from the US Department of Agriculture Food Composition Database
(https://ndb.nal.usda.gov/ndb/); * indicates processed red meats.

An issue with emphasizing lean protein sources is that many of the lean meat options
available to consumers are processed (ie, fat-free or low-fat deli meats). Currently, the 2015–
2020 Dietary Guidelines for Americans state that processed meats can be incorporated into a
healthy dietary pattern as long as it is within recommended daily energy, saturated fat, and
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sodium intake ranges. As stated previously, there are consistent links between processed meat
consumption and an increased cardiometabolic disease risk. Although more low-sodium options
are now available, the sodium content of processed meats assessed in the 2005 to 2006 National
Health and Nutrition Examination Survey cycle was approximately 4 times higher than
unprocessed meats (9). Sodium and potassium concentrations of commonly consumed red and
processed meats are shown in Figure 4. It is estimated that the sodium content of processed
meats can explain approximately two thirds of the increased cardiometabolic disease risk
compared with unprocessed red meats (7). This is likely attributable to higher sodium content
contributing to increases in blood pressure. Processed meats also contain, on average,
approximately 50% more nitrates per gram than unprocessed meats. Emerging evidence from
cellular and animal models suggests that excess nitrates can increase vascular dysfunction (23)
and impair glucose tolerance (24), but there is a lack of data from human studies. Based on the
evidence presented in this article, in the future, it may be beneficial for healthcare providers to
educate their clients to distinguish between unprocessed and processed meats (red and white
meats, alike) and to emphasize that unprocessed meats can be part of a healthy eating pattern to
decrease cardiometabolic disease risk.
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Figure 1.4 Sodium and Potassium Content of Commonly Consumed Red Meats
Data adapted from the US Department of Agriculture Food Composition Database
(https://ndb.nal.usda.gov/ndb/). * indicates processed red meats.
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1.1.6

Section Conclusions
Organizations that promote healthy eating often recommend limiting red meat

consumption because of associations between higher red meat intake and an increased risk of
cardiometabolic disease development or related mortality. Unprocessed red meat is often
grouped with processed meats (red and white), which may be a substantial driver to these
positive associations. There is little to no apparent increased risk of cardiometabolic disease
development or related mortality with higher unprocessed red meat consumption, but there is a
consistent increased risk with higher processed meat consumption. This difference in risk
assessment could be attributable to the approximately 400% and approximately 50% higher
sodium and nitrate contents, respectively, in processed meats compared with unprocessed red
meats. The data from randomized controlled trials complement the observational data regarding
a relatively neutral effect of consuming upward of 3 servings per week of mostly unprocessed
red meats on CVD risk factors. However, there is a paucity of research investigating the effects
of processed meats on cardiometabolic disease risk factors, especially insulin-mediated glucose
control. Importantly, none of the results presented in this article suggest that consuming more
unprocessed red meat decreases the risks of cardiometabolic disease. Therefore, it is important to
emphasize consuming a variety of lean unprocessed plant and animal protein sources as part of a
healthy eating pattern.
1.1.7
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1.2

Broad and Inconsistent Muscle Food Classification Is Problematic for Dietary Guidance in
the U.S.
Section 1.2 is adapted from the following citation: Gifford CL*, O’Connor LE*, Campbell

WW, Belk KE. Broad and inconsistent muscle food classification is problematic for dietary
guidance in the U.S. Nutrients. 2017 Sep 16;9(9). E1027. *authors contributed equally.
Dietary recommendations regarding consumption of muscle foods, such as red meat,
processed meat, poultry or fish, largely rely on current dietary intake assessment methods. This
narrative review summarizes how U.S. intake values for various types of muscle foods are
grouped and estimated via methods that include: 1) food frequency questionnaires; 2) food
disappearance data from the U.S. Department of Agriculture Economic Research Service; and 3)
dietary recall information from the National Health and Nutrition Examination Survey data.
These reported methods inconsistently classify muscle foods into groups, such as those
previously listed, which creates discrepancies in estimated intakes. Researchers who classify
muscle foods into these groups do not consistently considered nutrient content, in turn leading to
implications of scientific conclusions and dietary recommendations. Consequentially, these
factors demonstrate a need for a more universal muscle food classification system. Further
specification to this system would improve accuracy and precision in which researchers can
classify muscle foods in nutrition research. Future multidisciplinary collaboration is needed to
develop a new classification system via systematic review protocol of current literature.
1.2.1

Introduction into Muscle Food Classifications
Muscle foods (i.e., skeletal muscle and the associated tissues) are broadly categorized

into red meat, poultry, fish and processed meat. Organizations that release public dietary
guidelines, such as the World Cancer Research Fund (1) and the U.S. Department of Agriculture
(USDA) via the Dietary Guidelines for Americans (2), consistently define these categories as
originating from a list of animal species (e.g., beef, chicken, tuna, etc.) in an attempt to simplify
the products in an easy-to-understand format for consumers. In all cases, red meat is referred to
as mammalian meat, most commonly noted as beef, pork, and lamb. While some researchers
consider white meat to be inclusive of poultry (muscles from birds) and fish (muscles from
aquatic animals) (3, 4, 5), the term “white meat” rarely appears in dietary guidelines. Processed
meat is defined as red meat and poultry, but not often fish, which are cooked further or contain
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preservatives. Some muscle foods meet qualifications to fall into more than one category, for
example deli turkey meat is both poultry and processed meat. This introduces the need for more
comprehensive subcategories of muscle foods in dietary guidelines.
There are more detailed muscle food group classification systems available. From a
regulatory perspective, the USDA Food Safety and Inspection Service provides technical
definitions for muscle foods due to the need to provide standards of identity (6). Meat scientists
argue that the simplicity of regulatory definitions do not accurately reflect differences in physical
characteristics, degree/type of processing, and most notably, nutrient content. This led to the
American Meat Science Association’s (AMSA) development of a Meat Lexicon, which provides
detailed classifications of meat, poultry, and fish products (7). This lexicon separates muscle
foods into “minimal processing” and “further processing” with four subcategories within those
main groups. While comprehensive, collecting dietary intake data in nutrition research studies
with this level of complexity is not obtainable with the current dietary intake assessment
methods.
Researchers commonly assess even broader muscle food categories than those presented
previously, such as “red and processed meat”, with little to no justification or clarification. This
is problematic because the nutrient content can substantially vary in those muscle food
categories. Inconsistent muscle food categorization creates discrepancies in the U.S. about the
quantity and types consumed. Without accurate knowledge of muscle food intakes, it is difficult
to study the relationships between muscle food intake and disease risk to create public dietary
guidelines. Biomedical researchers and public health policy-makers advocate for more detailed
and consistent definitions and categorizations in nutrition research in order to provide public
dietary guidance that carefully considers the nutritional differences of muscle food subcategories
(8).
To accomplish our objectives, we constructed a narrative review as a means to
demonstrate the current methods utilized for estimating dietary intake of muscle foods in the
U.S. In this narrative review, we discuss how muscle food types are grouped and intake values
estimated in the U.S. via: 1) food frequency questionnaires; 2) food disappearance data; and 3)
dietary recalls. We highlight the importance of considering nutrient content when grouping
muscle foods during intake assessment by discussing the groupings used in the Harvard Food
Frequency Questionnaire (FFQ) as an example. Lastly, we discuss implications of inconsistent
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meat groupings on scientific conclusions and dietary guidelines and emphasize the need for a
systematic review of current literature to design a new system to better classify muscle foods.
1.2.2

How Muscle Food Types Are Grouped and Intake Values Estimated in the U.S.
Detailed dietary intake assessments are critical to nutrition research and dietary guidance

but are largely lacking. Current dietary intake assessment methods include food disappearance
data from the USDA Economic Research Service (USDA-ERS) (9), FFQs (such as the Harvard
T.H. Chan School of Public Health and the Brigham and Women’s semi-quantitative food
frequency questionnaire (Harvard FFQ) (10) and the National Cancer Institute Diet History
Questionnaire II (NCI FFQ) (11)), and dietary recalls from the National Health and Nutrition
Examination Survey Food Patterns Equivalents Database (NHANES, FPED) (12) (see Table 1
for more information about these methods). Food disappearance data overestimate intakes of
agricultural commodities due to unmeasurable losses such as food spoilage and plate waste (13),
which account for approximately 31% of the total food supply (14,15). On the contrary, selfreported dietary intakes are often underreported by as high as 20% in dietary recalls and 38% in
FFQs (16). Food frequency questionnaires ask respondents about their habitual consumption of
broad food categories to yield approximate intakes while dietary recalls can obtain a more
sophisticated level of detail via comprehensive interviewing. However, NHANES-FPED dietary
recall data are coded into broad food categories for public use. Because these datasets are
broadly grouped, detailed assessment of muscle food subcategories is limited.
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Table 1.3 Descriptions of Commonly Used Methods to Measure Dietary Intake in the U.S.
Method

Description and Examples
Relates dietary intake patterns to disease
development over time and are designed to
yield approximate intakes of broad food
categories. Used commonly in prospective
cohort studies.

An example includes the Harvard T. H. Chan
School of Public Health and the Brigham and
Food
Women’s Semi-quantitative Food Frequency
Frequency
Questionnaire (9) used in the Health
Questionnaires
Professional Follow-up Study and Nurses’
(FFQs)
Health Study I and II cohorts (17).
Another example includes the National Cancer
Institute Diet History Questionnaire II (10)
used in the National Institute of Health
American Association of Retired Persons
(NIH-AARP) Diet and Health Study cohort
(3).
Estimates the amount of food in the food
supply chain from production to retail outlets
available for purchase; used to infer
consumption.
Food
An example includes the United States
Disappearance Department of Agriculture, Economic
Data
Research Service (USDA-ERS) (11) which
calculates summary estimates of per capita
food and nutrient availability at the primary,
retail and consumer levels based on total U.S.
population 1.
Measures participants’ recollection of
food/beverage types and amounts consumed
during the previous day; used to infer eating
patterns.

Demographic Information

At cohort initiation, the Health Professionals
Follow-Up Study included n = 37,083 men
aged 40 to 75 years, the Nurses’ Health Study I
included n = 79,570 women aged 30 to 55
years, and the Nurses’ Health Study II included
n = 87,504 women aged 25 to 42 years all with
at least 20 years of follow-up data (17).
At cohort initiation, the NIH-AARP Diet and
Health Study included n = 536,969 men and
women respondents aged 50 to 71 years from
six U.S. states and two metropolitan areas with
at least 16 years of follow-up data (3).

Food availability estimates are developed by
utilizing U.S. commodity market information
to estimate the national food supply available
to the population. The USDA-ERS uses
sampling and statistical methods to calculate
estimates.

The 2013–2014 NHANES, FPED database
included n = 9813 men and women in the U.S.
aged 2 to 80 years. Dietary data were collected
via two 24-h dietary recalls separated by at
least 10 days. Interviews were conducted inperson or by phone using an automated
multiple pass method and then statistically
analyzed.
1
Per capita availability reflects supply at the primary, retail and consumer levels. Loss at the consumer level is
Dietary
Recalls

An example includes the 2013–2014 National
Health and Nutrition Examination Survey Food
Pattern Equivalency Database (NHANES,
FPED) (12) which categorizes and quantifies
equivalency (ounces per day2) of dietary recall
information from the NHANES into intake of
broad food categories.

accounted for through adjustment and assumptions; more information about adjusting for loss is available at (11).
2

In FFQ, 1 ounce ~28 g.
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The USDA-ERS and NHANES, FPED datasets (9,12), which are both federally
managed, classify muscle food products differently into broad categories. These differences are
highlighted in Table 2. The NHANES, FPED category of “meat” refers only to red meat,
inclusive of beef, veal, pork, lamb, and game. The “total red meat” category in the USDA-ERS
dataset (12) excludes meat from game animals. The NHANES, FPED dataset includes game
birds under the “poultry” category, but meat from all game animals is not accounted for in the
USDA-ERS data. Additionally, the two datasets refer to the “total” categories differently. The
NHANES, FPED categorizes “total meat” as “meat”, “cured meat”, “organ meat”, “poultry”,
“seafood from low omega-3 sources” and “seafood from high omega-3 sources”. The USDAERS includes the “total red meat” subcategory as part of the “total meat, fish, eggs and nuts”
category along with “total poultry”, “total fresh and frozen, canned, and cured fish and shellfish”,
“eggs”, “peanuts”, “total tree nuts” and “coconut” (Table 2). However, one cannot access the
data for the “total meat” subcategory independent of the others mentioned. Differences in these
categories limit the comparison of estimated muscle food intakes across these two methods.

Table 1.4 Comparison of Titles and Foods Included in Muscle Food Categories from the United
States Department of Agriculture Economic Research Service (USDA-ERS) and the National
Health and Nutrition Examination Survey Food Pattern Equivalency Database (NHANES,
FPED) Datasets
NHANES, FPED dataset 1
Total meat
Meat
Cured Meat
Poultry
Organ meat
Seafood from high omega-3 sources
Seafood from low omega-3 sources

Meat
Beef
Veal
Pork
Lamb
Game meat
Cured Meat
Cured or luncheon meat made from beef, pork or
poultry
Poultry

USDA-ERS dataset 2
Total meat, fish, eggs and nuts
Total red meat
Total Poultry
Total fresh and frozen, canned, and cured fish
and shellfish
Eggs
Peanuts
Total tree nuts
Coconut
Total red meat
Beef
Veal
Pork
Lamb
Category not included in dataset

Total poultry
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Table 1.4 Continued Comparison of Titles and Foods Included in Muscle Food Categories from
the United States Department of Agriculture Economic Research Service (USDA-ERS) and the
National Health and Nutrition Examination Survey Food Pattern Equivalency Database
(NHANES, FPED) Datasets
Chicken
Turkey
Cornish hens
Game birds
*Two categories of Seafood

Chicken
Turkey

Total fresh and frozen, canned, and cured fish
and Shellfish
Total fresh and frozen fish and shellfish
Seafood from high omega-3 sources
Fresh and frozen fish
Finfish
Fresh and frozen shellfish
Shellfish
Total canned fish and shellfish
Other seafood
Canned salmon
Canned sardines
Seafood from low omega-3 sources
Canned tuna
Finfish
Canned shellfish
Shellfish
Other canned fish
Other seafood
Cured Fish
Other Categories
Other Categories
Organ Meat
Eggs
Organ meat from beef, veal, pork, lamb, game or
Peanuts
poultry
Total Tree nuts
Almonds
Hazelnuts
Pecans
Walnuts
Macadamia nuts
Pistachio nuts
Other tree nuts
Coconut
1
Adapted from United States Department of Agriculture, Agricultural Research Service, National Health
and Nutrition Examination Survey, What We Eat in America, Food Pattern Equivalency Database 2013–
2014 dataset available at [12]. 2 Adapted from United States Department of Agriculture, Economic Research
Service, Food Availability (Per Capita) Data System, Loss-Adjusted Food Availability, Meat, poultry, fish,
eggs, and nuts, and fish available at [51]. * Two separate categories of seafood included in dataset; no total
seafood category included.

Questions posed in FFQs address broad muscle food groups which limit researchers’
ability to separate these groups into more detailed subcategories. To further understand these
inconsistencies, estimated intakes among all methods previously described are presented in
Figure 1. Previous studies that utilized FFQs reported “unprocessed red meat” and “processed
red meat” separate from “total red meat” in an attempt to gain a more sophisticated level of detail
(3,17). However, it is unclear how researchers calculate “unprocessed red meat”, specifically
intake using the Harvard FFQ, because the questions do not address unprocessed red meat
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independently. Rather, the questions address broad categories of “pork” or “beef or lamb” as a
main dish which can include both processed and unprocessed cuts of red meat. The NCI FFQ
(11) elicits more detail from respondents about processed red meat and poultry products than the
Harvard FFQ (10). However, researchers are still at liberty to group these data as they see fit for
analysis and presentation. For example, the NCI FFQ reference (3) in Figure 1 reports liver as an
“unprocessed red meat” while the Harvard FFQ does not include organ meat in this category
(17). Additionally, the researchers using the NCI FFQ group poultry and fish as “white meat”
even though the term “white meat” is not commonly used by other resources. Further, foods
within these groups can have wide variations in nutrient content which will be addressed in detail

Ounce Equivalent/Day

later in this review.
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Unpro Proces
Red
cessed sed
Meat
Red Red
(Total)
Meat Meat
NHANES, FPED 1
1.29
N/A
N/A
USDA-ERS 2
3.04 N/A N/A
Harvard FFQ Cohorts (14) 3.42 3.33 3.33
NCI FFQ 4 (3)
2.22 1.66 0.56

Proces
Poultr
sed
y
Meat
0.84
N/A
N/A

1.45
2.44
1.98 3

0.68

N/A

Unpro Proces
White
cessed sed
Fish Meat
White White
(Total)
Meat Meat
0.57
N/A
N/A
N/A
0.38
N/A
N/A
N/A
3
N/A
1.02
N/A
N/A
5
N/A 2.29 2.09 0.20

Total
Meat
4.18
7.20
N/A
N/A

Figure 1.5 Comparison of Muscle Food Groupings and Estimated Intakes (ounces*) from Food
Frequency Questionnaires (FFQ), Food Disappearance Data, and Dietary Recalls
1

Adapted from United States Department of Agriculture, Agricultural Research Service, National Health and
Nutrition Examination Survey, What We Eat in America, Food Pattern Equivalency Database 2013–2014 dataset
available at [12] 2 Adapted from United States Department of Agriculture, Economic Research Service, Food
Availability (Per Capita) Data System, Loss-Adjusted Food Availability, Meat, poultry, fish, eggs, and nuts, and
fish. USDA-ERS per capita availability reflects supply at the consumer level adjusted for loss from primary, retail
and consumer sources of loss or waste. More information about adjusting for loss can be found at [11]. 3 Weighted
means were calculated for the median quartile of intake based on a three-ounce serving. 4 Baseline pooled median
quartile intake was reported as g/1000 kcal from the National Institute of Health American Association of Retired
Persons (NIH-AARP) cohort that used the National Cancer Institute Diet History Questionnaire II (NCI FFQ);
intake levels presented in this figure are calculated ounce equivalents converted from g/2000 kcal. 5 White meat in
the NIH-AARP cohort is inclusive of poultry and fish. N/A = Data not available. * 1 ounce ~28 g. N/A, not
applicable.
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The muscle foods included in these broad inconsistent categories need to be carefully
defined by researchers when estimating intakes. For example, the inclusion of non-muscle foods,
mentioned previously in the USDA-ERS “total” category, are most likely driving the estimated
“total” intake to be twice as high as the NHANES estimated “total” intake shown in Figure 1.
The NHANES, FPED data separate “cured meat” from the “meat”, “poultry”, and “seafood”
categories while the USDA-ERS does not. This is a potential driver for the USDA-ERS red meat
and poultry intake estimates to be about twice as high as NHANES, FPED estimates even after
adjusting for losses. Even intake estimates using the same method can lack consistency. For
example, the categorization difference in FFQ limits the ability to compare poultry and fish
intakes independently because the resource using the NCI FFQ listed in Figure 1 groups them
into a “white meat” category. These nuances in inconsistent muscle group categorizations, along
with methodological limitations, lead to different intake estimates.
The upper and lower extreme percentiles can also skew estimated mean intakes. The
reference using the Harvard FFQ (17) estimates “total red meat”, “unprocessed red meat” and
“processed red meat” intakes 2–3-times higher than the reference using the NCI FFQ (3) and
NHANES, FPED datasets. This is most likely because the Harvard FFQ data are collected from
omnivores only (17) while the NHANES, FPED (12) and the NCI FFQ data (3) include
vegetarians. Because of this large discrepancy in intakes, we also estimated these categories in
NHANES-FPED dataset excluding vegetarians, as shown in Figure 2. Among all participants in
the 2013–2014 NHANES, FPED dataset, only 38%, 40%, 39%, and 7% of respondents reported
consuming any “meat”, “cured meat”, “poultry” and “seafood”, respectively. About 70% of red
meat consumers, 80% of cured meat consumers, 60% of fish consumers, and 60% of poultry
consumers reported intakes of 3 ounces (85 g) or less of each respective muscle food. Daily
intake levels of the majority of muscle food eaters are modest, but there are large jumps at the
90th percentile, especially in red meat and fish consumption. For example, estimated seafood
intake at the 95th percentile is almost double compared to seafood intake from 85th percentile of
this subpopulation. When assessing muscle food group intakes, accounting for the upper and
lower extreme percentiles will lead to a better representation of average muscle food consumers.
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Ounce Equivalency per Day

12.00
10.00
8.00
6.00
4.00
2.00
0.00
Cured Meat Intake
Red Meat Intake
Seafood Intake
Poultry Intake

5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%
0.11 0.18 0.27 0.37 0.49 0.60 0.81 0.97 0.99 1.18 1.48 1.64 1.91 2.00 2.37 2.97 3.37 4.02 5.55
0.30 0.54 0.73 0.91 1.13 1.27 1.43 1.67 1.90 2.16 2.35 2.61 2.91 3.24 3.67 4.35 4.92 6.05 8.01
0.35 0.54 0.70 0.92 1.15 1.32 1.55 1.75 2.00 2.26 2.58 3.00 3.40 3.89 4.57 5.66 6.79 8.36 11.3
0.38 0.67 0.92 1.08 1.29 1.53 1.72 1.90 2.12 2.36 2.63 3.03 3.50 3.94 4.32 4.73 5.57 7.06 9.10

Figure 1.6 Intake Distribution of Red Meat, Cured Meat, Seafood and Poultry, Among U.S.
Respondents from the National Health and Nutrition Examination Survey Food Pattern
Equivalency Database (NHANES, FPED) 2013–2014 Datasets
1

Adapted from United States Department of Agriculture, Agricultural Research Service, NHANES, WWEIA, FPED
2013–2014 available at (12). 2 Intake of red meat from red meat consumers in this dataset. 3 Intake of processed meat
from processed meat consumers in this dataset. 4 Intake of seafood from seafood consumers in this dataset. 5 Intake
of poultry from poultry consumers in this dataset. * 1 ounce ~28 g.

Estimating muscle food intakes proves to be a challenging task, complicated by
methodological limitations, inconsistent muscle food groupings, and extreme upper and lower
percentiles. However, food disappearance data, dietary recalls, and FFQs are the best dietary data
collection methods currently available. Until new more accurate methods or technologies
become available, these limitations will continue to compromise estimated muscle food intakes.
1.2.3

The Importance of Considering Nutrient Content When Grouping Muscle Foods for
Dietary Intake Assessment
As mentioned previously, FFQs estimate intakes of broad muscle food groups but the

muscle foods included in these groups can span a wide spectrum of nutrient contents. In this
section, we present questions from the Harvard FFQ to demonstrate this. We discuss specific
questions that are posed to respondents about muscle food groups (see Table 3) and provide

23
examples of foods within these groups, mainly regarding red and processed meat, which can vary

Grams of Fat per 100 g of Muscle Food

substantially in nutrient content, as shown in Table 4 and Figure 3.
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Figure 1.7 Fatty Acid Profiles (g of fat per 100 g 1) of Selected Cooked Unprocessed and
Processed Muscle Foods 2
1

9 CFR 317.362 USDA: Lean classifications per 100 g include and are defined as (1) Lean: <10 g total fat, <5 g
saturated fat, <95 mg cholesterol; available at (18). 2 Adapted from United States Department of Agriculture,
Agricultural Research Service, Food Composition Database available at (33). 3 USDA-ARS Food Composition
Database number 15237: Fish, salmon, Atlantic, farmed, cooked, dry heat. 4 USDA-ARS Food Composition
Database number 23077: Beef, chuck eye steak, boneless, separable lean only, trimmed to 0’ fat, all grades, cooked,
grilled. 5 USDA-ARS Food Composition Database number 15237: Fish, sardine, Atlantic, canned in oil, drained
solids with bone. 6 USDA-ARS Food Composition Database number 13442: Beef, loin, tenderloin steak, boneless,
separable lean only, trimmed to 0’ fat, all grades, cooked, grilled. 7 USDA-ARS Food Composition Database
number 10067, Pork, fresh, loin, top loin (chops), boneless, separable lean only, cooked, braised. 8 USDA-ARS
Food Composition Database number 10153: Pork, cured, ham, whole, separable lean only, roasted. 9 USDA-ARS
Food Composition Database number 07043: Roast beef, deli style, prepackaged, sliced. 10 USDA-ARS Food
Composition Database number 05711, Turkey, retail parts, breast, meat only, cooked, roasted. 11 USDA-ARS Food
Composition Database number 07046: Turkey breast, low salt, prepackaged or deli, luncheon meat.

The Harvard FFQ mainly focuses on separating muscle foods by species which is
appropriate due to varying differences in total and saturated fat content among numerous muscle
foods. For example, Table 4 shows that a beef tenderloin steak, although considered a lean meat
by USDA regulatory standards for labeling claim purposes (20), contains 5 g more total fat than
fresh cooked turkey breast (on a 100 g cooked basis). To further highlight this point, Figure 3
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shows that turkey breast contains <1 g of saturated fat while the red meat cuts contain up to 5 g
(on a 100 g cooked basis), yet these products are still considered lean. The Dietary Guidelines for
Americans recommend consuming <35% and <10% of total energy from total and saturated fat,
respectively (2). It is common to recommend limiting red meat intake to meet these goals and
therefore logical to address red meat consumption separate from poultry in prospective cohort
studies relating muscle food intake to disease risk.

Table 1.5 Questions about Muscle Foods in the Harvard T.H. Chan School of Public Health and
the Brigham and Women’s Semi-quantitative Food Frequency Questionnaire
Used to Infer Consumption 2 by Asking Respondents’ the Following Prompted Question: “Please Fill
in Your Average Total Use, during the Past Year, of Each Specified Food.”
Bacon (2 slices)
Chicken or turkey sandwich or frozen dinner
Other chicken or turkey, with skin (3 ounces)
Other chicken or turkey, including ground without skin (3 ounces)
Beef or pork hot dogs (1)
Chicken or turkey hot dogs or sausages (1)
Salami, bologna, or other processed meat sandwiches
Other processed meats, e.g., sausage, kielbasa, etc. (2 ounces or 2 small links)
Hamburger, lean or extra lean (1 patty)
Hamburger, regular (1 patty)
Beef, pork, or lamb as a sandwich or mixed dish, e.g., stew, casserole, lasagna, frozen dinner, etc.
Pork as a main dish, e.g., ham or chops (4–6 ounces)
Beef or lamb as a main dish, e.g., steak, roast (4–6 ounces)
Liver: beef, calf or pork (4 ounces)
Liver: chicken or turkey (1 ounces)
Canned tuna fish (3–4 ounces)
Breaded fish cakes, pieces, or fish sticks (1 serving, store bought)
Shrimp, lobster, scallops, clams as a main dish (1 serving)
Dark meat fish e.g., tuna steak, mackerel, salmon, sardines, bluefish, swordfish (3–5 ounces)
Other fish, e.g., cod, haddock, halibut (3–5 ounces)
1
Adapted from the Harvard T.H. Chan School of Public Health and the Brigham and Women’s semi-quantitative
food frequency questionnaire, 2007 version, available at (9), titled “2007 Booklet FFQ”. 2 In FFQ, 1 ounce ~28 g.

There are a variety of lean red meat options (21,22) currently available to consumers
which can help meet these recommendations, but the Harvard FFQ does not address lean red
meat consumption. Only two questions in the Harvard FFQ (9 and 10 in Table 3) address fat
content in regard to a “lean”, “extra lean”, or “regular” hamburger. Definitions of “lean”, “extra
lean”, or “regular” are not provided so the respondents are likely to provide varied responses
based on personal perception. The other questions about red meat group lean and non-lean red
meat together. For example, question 13 in Table 3 asks about consumption of “beef or lamb as a
main dish, e.g., steak, roast”. Based on regulatory standards, beef tenderloin and deli roast beef
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meet federal requirements to be labeled as lean (per 100 g: <10 g total fat, <5 g saturated fat, <95
mg cholesterol), but beef chuck eye steak does not (20). Although it is often recommended to
limit red meat consumption due to higher total and saturated fat content compared to some
poultry and fish, a third of the saturated fat in red meat is stearic acid which has a neutral effect
on health biomarkers (23). Additionally, red meat has a higher proportion of monounsaturated
fatty acids than poultry or fish. Questions addressing intakes of lean and non-lean sources of red
meat would be beneficial in FFQs. Lean red meats are nutrient dense foods which can be part of
a healthy eating pattern, according to the 2015 Dietary Guidelines for Americans (2).
Table 1.6 Content and Calculated Percent Daily Values of Nutrients from Selected Unprocessed
and Processed Muscle Foods at Three Intake Levels from USDA Food Composition Database
Muscle
Food
Beef,
chuck eye
steak 2
3 ounces
(85 g)
6 ounces
(170 g)
9 ounces
(255 g)
Beef,
tenderloin
steak 3
3 ounces
(85 g)
6 ounces
(170 g)
9 ounces
(255 g)
Deli Roast
beef 4
3 ounces
(85 g)
6 ounces
(170 g)
9 ounces
(255 g)
Pork, loin
chop 5
3 ounces
(85 g)
6 ounces
(170 g)
9 ounces
(255 g)

Energy Protein

Total
Iron
Zinc
Sodium
Potassium
Niacin
B12
Fat
(g) (mg) %DV (mg) %DV (mg) %DV (mg) %DV (mg) %DV (ug) %DV

(kcal)

(g)

178

23.75

9.17 2.44

14

8.96

60

64

3

323

9

4.41

22

2.86

48

355

47.5

18.34 4.88

27

17.92

119

128

5

646

18

8.82

44

5.73

96

533

71.25

27.51 7.32

41

26.88

179

191

8

969

28

13.24

66

8.59

143

168

26.09

7.07 3.05

17

3.98

27

50

2

332

9

5.3

27

3.88

65

337

52.19

14.14 6.1

34

7.96

53

100

4

663

19

10.6

53

7.77

130

505

78.28

21.22 9.15

51

11.93

80

150

6

994

28

15.9

80

11.65

194

98

15.83

3.14 1.74

10

2.72

18

725

30

550

16

4.74

24

1.73

29

196

31.65

6.27 3.48

19

5.44

36

1450

60

1100

31

9.49

47

3.47

58

293

47.48

9.41 5.23

29

8.16

54

2175

91

1650

47

14.23

71

5.2

87

144

25.96

3.69 0.77

4

2.01

13

57

2

229

7

8.72

44

0.56

9

289

51.92

7.38 1.55

9

4.03

27

114

5

457

13

17.45

87

1.12

19

433

77.88

11.07 2.32

13

6.04

40

171

7

686

20

26.17

131

1.68

28
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Table 1.6 Continued Content and Calculated Percent Daily Values of Nutrients from Selected
Unprocessed and Processed Muscle Foods at Three Intake Levels from USDA Food
Composition Database
Ham,
cured 6
3 ounces
133
21.29 4.67 0.8
4
2.18
15 1128 47
269
8
4.27
21
0.59
10
(85 g)
6 ounces
267
42.59 9.35 1.6
9
4.37 29. 2256 94
537
15
8.53
43
1.19
20
(170 g)
9 ounces
400
63.88 14.02 2.4 13 6.55
44 3384 141 806
23
12.8
64
1.78
30
(255 g)
Turkey,
breast 7
3 ounces
116
25.08 1.67 0.82 5
1.29
9
97
4
252
7
9.99
50
1.5
25
(85 g)
6 ounces
231
50.17 3.35 1.65 9
2.58
17
194
8
505
14 19.98 100 2.99
50
(170 g)
9 ounces
347
75.25 5.02 2.47 14 3.88
26
291
12
757
22 29.96 150 4.49
75
(255 g)
Deli
Turkey 8
3 ounces
93
18.54 0.71 0.54 3
1.14
8
660
28
180
5
0.09
0
0.08
1
(85 g)
6 ounces
185
37.08 1.41 1.08 6
2.27
15 1320 55
361
10
0.19
1
0.15
3
(170 g)
9 ounces
278
55.62 2.12 1.62 9
3.41
23 1980 83
541
15
0.28
1
0.23
4
(255 g)
9
Salmon
3 ounces
175
18.79 10.5 0.29 2
0.37
3
52
2
326
9
6.84
34
2.38
0
(85 g)
6 ounces
350
37.57
21 0.58 3
0.73
5
104
4
653
19 13.68 68
4.76
1
(170 g)
9 ounces
525
56.35 31.49 0.87 5
1.1
7
156
7
979
28 20.52 103 7.14
1
(255 g)
10
Sardines
3 ounces
177
20.93 9.73 2.48 14 1.11
7
261
11
337
10
4.46
22
7.6
1
(85 g)
6 ounces
354
41.85 19.46 4.96 28 2.23
15
522
22
675
19
8.92
45
15.2
3
(170 g)
9 ounces
530
62.78 29.2 7.45 41 3.34
22
783
33 1012 29 13.38 67
22.8
4
(255 g)
1
%DV = percent daily value; Calculated by the following: USDA Food Composition Database nutrient amount/U.S.
Food and Drug Administration Daily Value Reference * 100. Data adapted from sources [33,34] in Reference list. 2
USDA-ARS Food Composition Database number 23077: Beef, chuck eye steak, boneless, separable lean only,
trimmed to 0’ fat, all grades, cooked, grilled. 3 USDA-ARS Food Composition Database number 13442: Beef, loin,
tenderloin steak, boneless, separable lean only, trimmed to 0’ fat, all grades, cooked, grilled. 4 USDA-ARS Food
Composition Database number 07043: Roast beef, deli style, prepackaged, sliced. 5 USDA-ARS Food Composition
Database number 10067, Pork, fresh, loin, top loin (chops), boneless, separable lean only, cooked, braised. 6 USDAARS Food Composition Database number 10153: Pork, cured, ham, whole, separable lean only, roasted. 7 USDAARS Food Composition Database number 05711, Turkey, retail parts, breast, meat only, cooked, roasted. 8 USDAARS Food Composition Database number 07046: Turkey breast, low salt, prepackaged or deli, luncheon meat. 9
USDA-ARS Food Composition Database number 15237: Fish, salmon, Atlantic, farmed, cooked, dry heat. 10
USDA-ARS Food Composition Database number 15237: Fish, sardine, Atlantic, canned in oil, drained solids with
bone.
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It is difficult to completely parse out processed vs. unprocessed muscle foods using the
Harvard FFQ which is important due to variations in micronutrient content. Specifically,
questions 2, 11 and 19 query about the consumption of “chicken or turkey sandwich or frozen
dinner”, “pork as a main dish, e.g., ham or chops”, and “dark meat fish, e.g., tuna steak,
mackerel, salmon, sardines, bluefish, swordfish”, respectively. A turkey sandwich could contain
fresh turkey breast or processed turkey deli meat, ham is most commonly cured while chops are
unprocessed, and sardines are preserved with salt while salmon is commonly consumed fresh.
Unprocessed turkey breast and pork chops contribute 24–45% less sodium and 23–49% more
niacin to the diet than deli turkey and ham, respectively. Similarly, salmon contributes 9% less
sodium, 9% more niacin, and 12% less iron to the diet compared to sardines. Although these
processed meats contribute adequate amounts of zinc, potassium, niacin and vitamin B12 while
remaining low in fat, the sodium content is much greater than unprocessed meat. The high
sodium content of these processed meats may overshadow the health benefits of consuming their
non-processed counterparts included in these questions.
The degree and type of processing result in micronutrient variations within the same
species. For example, a three-ounce portion of beef tenderloin and beef chuck eye steak
contribute only 2–3% of the daily value of sodium which is 28% less than deli style roast beef
(Table 4). These unprocessed beef products contribute greater amounts of zinc (27–60% of the
daily value) and vitamin B12 (48–65% of the daily value) compared to deli style roast beef. In
further comparisons to most poultry and fish products, beef chuck eye steak and beef tenderloin
contribute at least 10% or greater of the daily value of iron, zinc, niacin and vitamin B12 (Table
4). Unprocessed red meat is a superior source of several essential micronutrients compared to
processed red meat, as well as most poultry and fish products (23,24,25,26,27), further
emphasizing the importance of considering micronutrient content in assessment of dietary intake.
In some cases, it is difficult for researchers to classify muscle food products as
“processed” or “unprocessed” due to the simplicity of definitions. For example, processed foods
are defined as whole foods that are altered from their original state, sometimes including the
addition of other ingredients (28,29). Regardless of fat level, ground meat is altered by grinding
whole muscles (e.g., beef, pork, turkey, etc.) into a comminuted final product (30), but has no
non-meat ingredients. Further, the term “processed meat” is often used synonymously with
“cured meat” (30) which refers to a processing step of adding nitrite as an ingredient according
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to several cured meat definitions (31,32). However, new technologies allow the production of
frankfurters using celery juice (31) rather than sodium nitrite. As a result, products such as
ground meat or no-nitrite added frankfurters fall into a gray area and are difficult to classify as
“processed” or “unprocessed” meat.
Lean unprocessed muscle foods have nutrient compositions that can be incorporated into
a healthy eating pattern if consumed in moderation. For example, three ounces (85 g) of most red
meat contains ~20 g of protein and ~200 calories with sufficient micronutrient content (25,33).
In comparison, walnuts (34) contribute 860 calories and approximately 86 g of total fat to
provide 20 g of protein (18). However, over consumption of non-lean and processed muscle
foods can lead to daily values above 100%, particularly for individuals above the 80th
consumption percentile. For example, a nine-ounce steak contributes 25% of daily energy and ≥
20 g of fat, and a nine-ounce serving of ham contribute 3384 mg or 141% of the daily value for
sodium. Therefore, a more detailed assessment of muscle food intakes would help formulate
more comprehensive omnivorous eating patterns with quantifiable and specific muscle food
recommendations.
It is important for researchers to be able to measure lean, non-lean, processed, and
unprocessed muscle food intakes due to differences in macro- and micronutrient contents. The
current methods available, specifically the Harvard FFQ described in this section, have limited
capabilities of achieving this. There are relevant nutrient variations and processing methods
across and within red meat, processed meat, poultry, and fish which can influence conclusions
about the health effects or associations of consuming these foods. For researchers specifically
interested in the disease risk associated with muscle food consumption, development of a muscle
food-specific FFQ is warranted to address fat levels and degrees/types of processing. This
proposed FFQ would provide descriptive definitions of “lean” and “processed” muscle foods and
assess different types of processed muscle foods (including cured, smoked, different types of
preservatives, etc.) so respondents do not have to rely on personal perceptions. Commercially
available meat products are regularly being improved with lower fat or sodium options and
different types of preservatives therefore frequent updates of this proposed FFQ is warranted.
This would provide more detailed muscle food intake assessments to help formulate more
specific and quantified dietary guidelines.

29
1.2.4

Discussion of Implications of Inconsistent Muscle Food Groupings on Scientific
Conclusions and Dietary Guidelines
The broad grouping of muscle foods in dietary intake assessment methods, noted in

previous sections, have large-scale implications in nutrition research and dietary guidelines.
Dietary guidance regarding muscle food intake is largely based on prospective cohort studies
relating FFQ data to health outcomes. The broad spectrum of meat, poultry and fish products
included in FFQ questions can complicate responses due to wide variation in nutrient content. It
is not always clear how to separate these questions into processed, unprocessed, lean, non-lean,
etc. Therefore, researchers are left to interpret the data as they see fit.
Most commonly in nutrition research, “red and processed meat” is a single grouping
when assessing disease risk related to consumption of red meat. This is especially problematic
when assessing cardiovascular disease risk due to differences in sodium content of unprocessed
red meat vs. processed meat, as discussed previously, and the effect of sodium on increasing
blood pressure (35,36). Although the combination of unprocessed red meat and processed meat
is common in the Harvard FFQ, there is little justification to combining these foods. We
calculated correlations using the 2013–2014 NHANES, FPED dataset discussed previously.
Among meat consumers, red meat intake was not correlated with cured (processed) meat intake
(r2 < 0.002). Mean cured meat intake was 0.7 ounce per day among poultry consumers and 0.8
ounce per day among red meat consumers. Therefore, high red meat intake does not equate to
high processed meat intake suggesting that “red and processed meats” is not a suitable category.
Some muscle food products, such as sandwich meat, are inconsistently reported as
processed or unprocessed meat. Here we discuss meta-analyses that assess the risk of consuming
100 g of unprocessed red meat per day on cardiovascular disease risk to demonstrate how
inconsistent classifications of specific meat products can result in different conclusions. While
researchers’ definitions of red and processed meat (if provided) listed in Table 5 are relatively
consistent, the way in which some meat products are categorized based on these definitions still
varies. For example, one study by Pan et al. (2012) classifies red meat consumed in sandwiches
as “unprocessed red meat” (37). The other analyses in Table 5 (38,39,40) classify sandwich meat
as deli or luncheon meat which are processed meat according to most public health definitions
(1,2,6,41). Pan et al. (2012) concludes that consuming 100 g per day of unprocessed red meat
increased cardiovascular-related mortality by 18% (37). However, the other analyses in Table 5,
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which classifies sandwich meats as “processed meat”, shows no increase in cardiovascularrelated mortality (40) or risk of cardiovascular disease events (38,39,42) from consuming 100 g
of unprocessed red meat per day. These categorization nuances can lead to erroneous conclusions
about the health implications of consuming unprocessed red meat.

Table 1.7 Examples of Red Meat Categorization in Meta-analyses of Prospective Cohort Studies
Assessing Cardiovascular Disease Risk of Consuming 100 g of Unprocessed Red Meat per Day
Author, Year
Kaluza, 2012 [42]

Micha, 2010 [39]

Micha, 2012 [38]

Wang, 2016 [40]

Pan, 2012 [37]

Categorization and Definitions of Red Meat
“fresh red meat”—no definition provided
“processed meat”—no definition provided
“total red meat”—no definition provided
“red meat”—unprocessed meat from beef, hamburgers, lamb pork, or game,
excluding poultry, fish, or eggs
“processed meat”—any meat preserved by smoking, curing, or salting or addition of
chemical preservatives, including examples such as bacon, salami, sausages, hot
dogs, or processed deli or luncheon meats, excluding fish or eggs
total meat—total of these two categories
“total unprocessed red meat”—beef, pork, and lamb
“total processed meat”—bacon, hot dogs, sausage, salami, and processed deli or
luncheon meats
“unprocessed red meat”—beef, lamb, or pork, excluded poultry and fish
“processed meat”—any meat preserved by salting, curing or smoking, or with the
addition of chemical preservatives, including examples such as bacon, sausages,
salami, hot dogs or processed deli meats
“total red meat”—sum of the two categories
“unprocessed red meat”—beef, pork or lamb as main dish, hamburger, and beef,
pork, or lamb as sandwich or mixed dish
“processed red meat”—bacon, hot dogs, sausage, salami, bologna, and other
processed red meats

Difficulties in interpreting these inconsistent meat categories throughout the scientific
literature are highlighted in the 2015 Dietary Guidelines Advisory Committee (DGAC) Scientific
Advisory Report. The DGAC concluded that the “meat group” had the most variability in
terminology compared to all other food groups. Examples of meat categorization variability are
described previously in this review (see Table 2). During the evidence review process, the
DGAC attempted to adhere to the language used by individual researchers, but then provided a
general label of “meat” in the final eating pattern models. “Meat” is presumably red meat
because it is a subcategory of “protein foods” separate from “poultry”, “seafood”, “eggs”,
“nuts/seeds”, and “processed soy” but it is not labeled as “red meat” (8).
Although this issue gained attention when the 2015 DGAC included the disclaimer about
meat terminology in the Scientific Advisory Report, this issue is apparent in previous DGAC
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reports and DGA policy documents. As shown in Table 6, the term “meat” was categorized with
various other protein sources. “Meat” is its own category only in the 7th edition of the DGA
released in 2010 because there are clear separate categories for poultry and fish. In the 6th
edition of the DGA released in 2005, the “meat and bean” group encompasses all plant and
animal protein sources, except dairy. The 2015 DGA policy document is the first to provide a
definition of “meat” in the glossary, which was: “also known as red meat” including “all forms
of beef, pork, lamb, veal, goat, and non-bird game (e.g., venison, bison, elk)” (8). However, the
term “red meat” does not appear anywhere else in the document or in previous editions.
Inconsistent categorization of muscle foods, specifically red and processed meat, in nutrition
research can increase bias and cause inconsistent associations between muscle food consumption
and disease risk. Limitations with the current methods for estimating intake of muscle foods
described in this narrative review may apply to other food categories or food groups. Further
research using a systematic review protocol is needed to confirm this in other food groups such
as dairy. Research is also needed in the U.S. to address the impact of the multifaceted food
system on the nutritional value of meat. Researchers recognize the supply chain, storage, and
processing as facets that can affect nutrition quality in other food groups (43). Ultimately, a
universal and functional muscle food classification system is warranted for nutrition researchers.
This will require extensive review and collaboration, but will decrease the variability in research
methods, conclusions, and public health messages.

Table 1.8 Categorization of Meat in the Dietary Guidelines for Americans (DGA) Editions
DGA Edition and Release Year
1st edition; 1980 (44)
2nd edition; 1985 (45)
3rd edition; 1990 (46)
4th edition; 1995 (47)
5th edition; 2000 (48)
6th edition; 2005 (49)
7th edition; 2010 (50)
8th edition; 2015 (2)

Categorization of Meat in the DGA
Meats, poultry, fish, and eggs
Meats, poultry, fish, eggs, and dry beans and peas
Meat, poultry, fish, dry beans, and eggs
Meat, poultry, fish, dry beans, eggs, and nuts group (included in the Food
Guide Pyramid)
Meat, poultry, fish, dry beans, eggs, and nuts group; also referred to as
the Meat and Beans (included in the Food Guide Pyramid)
Meat and Beans (inclusive of poultry and fish as part of eating pattern
examples)
Meat (with separate food groups for poultry and fish as part of eating
pattern examples)
Meats, poultry, and eggs (as part of recommended eating patterns)
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1.2.5

Section Conclusions
Inconsistent muscle food grouping is a reoccurring issue in nutrition research and public

dietary guidelines in the U.S. How muscle foods are classified into broad categories such as red
meat, poultry, or fish differs among dietary intake assessment methods including food
disappearance data, dietary recalls and FFQs. The AMSA Meat Lexicon is one resource
developed to apply more standardization and specification to this complex topic (7). However, it
is unclear as to which types of studies would be able to incorporate this level of detail, especially
among current dietary intake assessment methods available.
Limitations and inconsistencies within and across these dietary intake assessment methods
lead to discrepancies in estimated intakes warranting more detailed muscle food-specific intake
assessment methods. Information in this narrative review emphasizes the need for an updated
muscle food classification system. This task would appropriately be accomplished by convening
an expert panel and using a systematic review protocol of previous literature. New methods need
to consider nutrient content, leanness, degree of processing, and specific types of processing.
Adding further specification to the classification systems utilized by researchers would improve
the accuracy of characterizing muscle foods in research. New muscle food-specific intake
methods would lessen the inconsistencies noted in nutrition research when relating muscle food
intakes to disease risk. This could lead to more comprehensive and quantitative dietary
guidelines regarding muscle food categories. However, further research is needed to compare
and modify classification systems used in prospective cohort studies as well as randomized
controlled trials in the U.S. and globally. Development of these methods will require extensive
review of the literature and collaborations between nutrition researchers, epidemiologists, and
meat scientists.
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1.3
1.3.1

Effects of Consuming Red Meat as Part of Healthy Eating Patterns on Indexes of Health
Healthy Eating Patterns are Often Low in Red Meat
Healthy eating patterns are a combination of foods and beverages recommended for

consumption to reduce the risk of chronic disease, particularly cardiometabolic disease (1). The
two most notable and well-studied eating patterns are the Dietary Approaches to Stop
Hypertension (DASH) and Mediterranean-style eating patterns (Mediterranean Pattern). Both of
these eating patterns are rich in fruits, vegetables and whole grains and notably low in red meat
(2, 3). In contrast, a Western-style eating pattern is characterized by low fruit and vegetable
intake and high consumption of foods containing excess added sugars, saturated fats, and sodium
(4). The DASH pattern is a well-established non-pharmacological strategy to reduce blood
pressure but also improves total and LDL cholesterol concentrations (5). Adherence to a
Mediterranean Pattern is consistently associated with reduced cardiometabolic disease
development and related mortality (6, 7) and can also improve cardiometabolic disease risk
factors (8). Switching from a Western-style eating to one of these healthy eating patterns is
commonly recommended to U.S. citizens to improve their health status (1, 9).
It is commonly recommended to U.S. residents to simultaneously adopt a healthy eating
pattern and reduce red meat intake (9, 10). The recommendation to limit red meat consumption is
based largely on dietary data collected from prospective cohorts in the context of a Western-style
eating pattern. Therefore, there are several confounding factors that influence the positive
correlations between total red meat intake and disease risk (11).
1.3.2

Cardiometabolic Disease Risk Factors
There are several randomized controlled trials which show that consuming lean

unprocessed red meat in the context of a DASH-style eating pattern does not hinder the
effectiveness of the DASH-style eating pattern to improve indexes of cardiometabolic health. In
the absence of substantial weight loss, consuming ~120g pork (26), up to 153g beef (28-30) or
~86 g of lean beef/veal/lamb (31) per day in a DASH-style eating pattern improve blood
pressures and/or blood lipids and lipoproteins but has little effect on markers of glycemic control
compared to an alternative protein source (plant-based and animal-based). Similarly, in the
context of substantial weight loss, all indexes of metabolic syndrome improved regardless of the
main protein-rich food consumed (12). Therefore, lean unprocessed red meat (mostly beef, pork,
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and lamb) can be part of a DASH-style eating pattern to improve cardiometabolic disease risk
factor profiles. There is a need to assess this paradigm in the context of a Mediterranean Pattern.
1.3.3

Personal Well-being

1.3.3.1 Quality of Life
It is important to consider how adopting healthy eating patterns, with or without red meat
restrictions, improve not only cardiometabolic disease but overall quality of life and personal
well-being. Adopting healthy eating patterns results in modest increases in perceived healthrelated quality of life. Higher adherence to a Western-style eating pattern (characterized by high
consumption of fast food, red and processed meats, high-fat dairy, processed foods, refined
cereals, eggs, commercial baked goods, and sauces) is associated with lower quality of life
domains (~4%, ~1%, and ~2% lower for vitality, physical functioning, and general health scores,
respectively) compared to lower adherence quintiles. Conversely, higher adherence to a
Mediterranean Pattern (characterized by high consumption of fruits, vegetables, fish and other
seafood, poultry, olive oil, potatoes, low-fat diary, and legumes) is associated with higher quality
of life (~4%, ~1%, and ~2% vitality, mental health, and physical functioning scores,
respectively) (13). Results from the DASH trials showed that eating patterns emphasizing fruits
and vegetable intake or fruit, vegetable, and low-fat dairy but restricted in red meat, sweets, and
fat content in an otherwise Western-style eating pattern improved overall quality of life by
5.0±10% or 5.9±8%, respectively, compared to 4.0±23% of a typical Western-style eating
pattern over a period of 8 weeks (14). However, “healthy” vs “non-healthy” eating patterns from
large prospective cohort data limits the ability to assess the effects of consuming red meat
independent of a Western-style eating pattern on perceived health-related quality of life.
1.3.3.2 Mental Health
The effect of various healthy eating pattern interventions on mental health, including
depression and anxiety states, is largely inconsistent. . Observational research suggests that
eating patterns characterized by fruits, vegetables, red meat, whole grains, and fish (i.e. a
Mediterranean Pattern) are associated with lower anxiety, depression, and mental illness in
women (15) and improved quality of life in men and women (16, 17). A systematic review and
meta-analysis of randomized controlled trials showed that 47% of studies collected showed

41
improvements in indexes of mental health while the remaining 43% showed no effect.
Interestingly, 5 out of 6 interventions which recommended lower red meat, cholesterol, and/or fat
intake affected indexes of mental health no differently than the control comparison group (18).
1.3.3.3 Sleep Health
According to the National Sleep Foundation, about two-thirds of adults report that their
sleep health is poor and that they experience an issue with sleep almost every night (i.e. waking
too early, feeling lethargic the next morning, or snoring). Short sleep duration is associated with
obesity (19) and metabolic diseases such as cardiovascular disease (20) and type 2 diabetes (21).
1.3.3.3.1 Two Process Sleep Model of Sleep Regulation
The two-process model of sleep regulation conceptualizes an interaction between two
independent processes: homeostatic regulation (Process S) and circadian rhythmicity (Process
C). Process S equilibrates the body’s need for sleep which increases throughout the day (creating
a sleep debt) and decreases throughout the night (relieving a sleep debt). Slow wave sleep,
indicative of nonREM stage 3 sleep, is more prominent in the earlier parts of a night’s sleep
when the sleep debt is high and decreases as the sleep debt decreases (22). Afternoon naps have
higher slow wave sleep activity than morning naps due to prolonged wakefulness (23). Slow
wave sleep is also more prominent during recovery sleep (24). These characteristics of slow
wave sleep are markers of homeostatic sleep regulation (22, 25).
Process S interacts with the master circadian clock (Process C) that coordinates
wake/sleep cycles with environmental light/dark cycles. The master body clock (suprachiasmatic
nucleus) in the hypothalamus detects light levels and adjusts transcriptional loops of peripheral
clock genes as needed for that particular phase. Clock genes regulate metabolic, endocrine, and
body temperature fluctuations that affect sleep/wake cycles (22, 25). The circadian drive to sleep
is strongest during 2:00-4:00AM and 1:00-3:00PM in adults, at the peak of circadian oscillations.
The severity of fatigue during daytime circadian oscillations is influenced by the amount of
accumulated sleep debt (26). Although Process S and Process C interact, they function
independently. In the suprachiasmatic nuclei knock-out rodents and circadian phase shift models,
Process S persists to balance sleep debt via slow wave sleep regulation (22, 25). While the 24-hr
light/dark cycle is relatively consistent, during 72-hr sleep restriction, fluctuations in fatigue
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levels follow similar patterns as fluctuations in light exposure, rather than a linear progression of
fatigue as sleep debt accumulates (27).
1.3.3.3.2 Sleep Regulation and Food Intake
Interactions between homeostatic regulators and circadian rhythms are not specific to
sleep/wake cycles. During a typical active wake phase, one feeds and stores energy substrates to
be catabolized during a fasted inactive sleep phase (i.e. muscle glycogen or adipose tissue).
Therefore, the sleep/wake cycle dictates when the fasted/fed cycle can occur (in general, if
someone is asleep then they don’t eat) and there is some evidence that changes in feeding times
can cause circadian disruptions, as will be described in the next sections. There are numerous
ingestive behaviors that are proposed to influence indexes of sleep (i.e. B vitamins, magnesium,
herbal remedies, over-the-counter melatonin supplements, etc. (28)). The purpose of this
literature review is to discuss the bidirectional relationship between macronutrient intake
manipulations and the two-process model of sleep regulation in adult nighttime sleep.
1.3.3.3.3 Effects of Sleep Regulation on Ingestive Behavior
The effects of Process S and C on ingestive behavior will be explained by purposeful
sleep restriction and shift workers, respectively. Purposeful sleep restriction can be used as an
example of Process S because it creates sleep debt. Shift workers experience a phase shift when
they are active/feeding during the dark hours and sleeping/fasted during the light hours, therefore
it is reflective of desynchronizing circadian rhythms.
Changes in leptin (an anorexic hormone) and ghrelin (an orexic hormone) due to sleep
restriction are inconsistent across studies (29). There is consistency, however, that sleep
restricted nights increase calorie intake compared to normal sleep nights, upwards of 500-600
kcal (30-33). This excess calorie intake led to a 0.82 kg weight gain over 5 days in a study of 16
young lean normal sleepers. When the subjects in this study resumed back to their normal sleep
habits energy intake decreased and they lost 0.3 kg body weight (32). This suggests that a week
of normal/recovery sleep is not enough to overcome the ingestive behavior changes that occur
during a week of sleep restriction. A common finding in these studies is an increase in
carbohydrate (30-34) and fat (30, 32) consumption on the sleep restricted nights. However, one
can’t discount that the excess kcal consumption could be caused by boredom, ad libitum access
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to non-habitual food choices, or that longer wake hours allow for more eating occasions, rather
than the metabolic consequences of sleep restriction.
The evidence supports that sleep debt can negatively influence ingestive behaviors which
lead to weight gain, as does changes in circadian rhythms. As shown in rodent models,
desynchronization of the master and peripheral clocks (by feeding during the day and not at
night) lead to weight gain (35). Similarly, cross-sectional studies show that shift workers, those
that are active and feed during the night, have poorer diet quality (36) and are at higher risk for
obesity and metabolic diseases (37) compared to regular daytime workers. However, it is not
clear if the circadian shift is causing obesity and disease or if shift working creates a certain
lifestyle that is not conducive to healthy habits.
1.3.3.3.4 Effects of Ingestive Behaviors on Sleep Regulation
The primary focus of the intersection of nutrition and sleep research has focused on how
indexes of sleep, such as duration and quality, influence food choices (types and amounts). There
is limited research about the reverse direction of how food choices, or eating patterns, influence
indexes of sleep. This was highlighted as a need for future research by the 2015 Dietary
Guidelines Advisory Committee (38).
There are various confounding lifestyle factors that inhibit Westernized cultures from
sleeping the recommended 7-8 hours per night such a high stress jobs or family responsibilities.
Due to busy schedules, logically, it is unlikely that a dietary change can increase the allotted time
in bed for sleep. However, Process S also equilibrates sleep debts by prioritizing slow wave sleep
as a means of recovery. To assess whether ingestive behaviors influence the type or amount of
sleep stages, researchers manipulate diet intake and conduct overnight polysomnography test to
monitor brain, eye, and muscle activity to record sleep stages. A manipulation of protein intake
(>100 g/day vs <15 g/day) showed no differences in slow wave sleep (39). There are conflicting
results as to how low/high carbohydrate vs high/low fat meals influence slow wave sleep (40-42)
and one study showed a shortened sleep latency (~10 minutes) after a high carbohydrate meal
(43). However, the studies available in this area of research are acute studies (typically one
night) assessing the consumption of unrealistic macronutrient manipulations on the following
night’s sleep.
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Two energy-induced weight loss studies compared global sleep scores in normal (~10%
of total kcal) vs higher (~20% of total kcal) protein intake. The higher protein diets were
achieved by either milk protein isolate supplementation or increases in protein-rich foods of soy
or red meat. In Study 1, the higher protein groups experienced the greater improvements in
global sleep scores compared to the normal protein groups (Study 1 post-intervention global
sleep scores 6.0 ± 0.4 AU and 5.0 ± 0.4 au for normal and higher protein, respectively; Study 2
post-intervention global sleep scores 5.9 ± 0.5 and 4.0 ± 0.6 for normal and higher protein,
respectively) (44). Although these self-reported data from these 2 studies cross the threshold into
“good” sleep (score ≤5), the magnitude of the changes may have little clinical meaning because
the Pittsburg Sleep Quality Index scale is 0-21 (higher scores are worse). In the Study 2
mentioned above comparing normal to higher protein intakes during weight loss, the higher
protein group showed an increase in 24-hr melatonin (38.6 ± 7.7 µg/day at pre and 53.6 ± 7.7
µg/day at post) while the normal protein group showed a slight decrease (32.8 ± 7.3 µg/day at
pre and 28.7 ± 7.3 µg/day at post) (unpublished pilot data). As mentioned previously, the higher
protein group reported a greater improvement in global sleep score but there is no evidence that
an increase in 24-hr melatonin caused the improvements in global sleep scores. However, higher
24-hr melatonin concentrations are difficult to interpret without verifying peak concentrations
and timing. Overall, these energy-restricted eating patterns show improvements in perceived
sleep quality with higher protein intake, independent of protein source.
1.3.4
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1.4

Global Conclusions and Purpose of Dissertation Research
It is commonly recommended to simultaneously adopt a healthy eating pattern and reduce

red meat intake to reduce chronic disease risk. The red meat intake recommendations in the
Dietary Guidelines for Americans’ healthy eating patterns are largely based on inconsistent
conclusions from observational cohort studies. The inconsistencies are driven by varying
methods of meat intake quantification and classification such as commonly assessing red and
processed meats as one intake variable. Recent observational analyses assessed that unprocessed
red meats, independent of processed meats, have little to no association with the development of
cardiometabolic disease. Further, short-term randomized controlled trials support that lean
unprocessed red meat can be consumed in the context of a DASH-style eating pattern to improve
cardiometabolic disease risk factors. The ramifications of continuously recommending red meat
reductions on personal well-being are unclear at this point. Few studies explore the effects of
adopting healthy eating patterns, with or without red meat limitations, in the absence of
purposeful weight loss on indexes of personal well-being, including perceived health-related
quality of life and daily mood states. There is a paucity of studies that assess the effects of
reducing red meat consumption, while maintaining a normal-protein eating pattern, on indexes of
perceived and objectively measured sleep. Therefore, the purpose of this research is to assess the
effects of consuming red meat, as mostly lean unprocessed beef and pork, on cardiometabolic
disease risk factors and indexes of personal well-being, mainly in the context of a
Mediterranean-style eating pattern, with data from randomized controlled trials.
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TOTAL RED MEAT INTAKE OF ≥0.5 SERVINGS/D
DOES NOT NEGATIVELY INFLUENCE CARDIOVASCULAR
DISEASE RISK FACTORS: A SYSTEMATICALLY SEARCHED
META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS

2.1

Abstract

Background: Observational associations between red meat intake and cardiovascular disease
(CVD) are inconsistent. There are limited comprehensive analyses of randomized controlled
trials (RCTs) that investigate the effects of red meat consumption on CVD risk factors.
Objective: The purpose of this systematically searched meta-analysis was to assess the effects of
consuming ≥0.5 or <0.5 servings of total red meat/d on CVD risk factors [blood total cholesterol
(TC), LDL cholesterol, HDL cholesterol, triglycerides, ratio of TC to HDL cholesterol
(TC:HDL), and systolic and diastolic blood pressures (SBP and DBP, respectively)]. We
hypothesized that the consumption of ≥0.5 servings of total red meat/d would have a negative
effect on these CVD risk factors.
Design: Two researchers independently screened 945 studies from PubMed, Cochrane Library,
and Scopus databases and extracted data from 24 qualified RCTs. Inclusion criteria were 1)
RCT, 2) subjects aged ≥19 y, 3) consumption of ≥0.5 or <0.5 total red meat servings/d [35 g
(1.25 ounces)], and 4) reporting ≥1 CVD risk factor. We performed an adjusted 2-factor nested
ANOVA mixed-effects model procedure on the postintervention values of TC, LDL cholesterol,
HDL cholesterol, TC:HDL cholesterol, triglycerides, SBP, and DBP; calculated overall effect
sizes of change values; and used a repeated-measures ANOVA to assess pre- to postintervention
changes.
Results: Red meat intake did not affect lipid-lipoprotein profiles or blood pressure values
postintervention (P > 0.05) or changes over time [weighted mean difference (95% CI): −0.01
mmol/L (−0.08, 0.06 mmol/L), 0.02 mmol/L (−0.05, 0.08 mmol/L), 0.03 mmol/L (−0.01, 0.07
mmol/L), and 0.04 mmol/L (−0.02, 0.10 mmol/L); −0.08 mm Hg (−0.26, 0.11 mm Hg); and −1.0
mm Hg (−2.4, 0.78 mm Hg) and 0.1 mm Hg (−1.2, 1.5 mm Hg) for TC, LDL cholesterol, HDL
cholesterol, triglycerides, TC:HDL cholesterol, SBP, and DBP, respectively]. Among all
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subjects, TC, LDL cholesterol, HDL cholesterol, TC:HDL cholesterol, triglycerides, and DBP,
but not SBP, decreased over time (P < 0.05).
Conclusions: The results from this systematically searched meta-analysis of RCTs support the
idea that the consumption of ≥0.5 servings of total red meat/d does not influence blood lipids and
lipoproteins or blood pressures.

2.2

Introduction
The effects of red meat consumption on cardiovascular disease (CVD)3 are inconsistent

throughout the literature. CVD has been the leading cause of death in the United States since the
1950s and is currently attributable to 610,000 US deaths each year (1). Historically,
epidemiologic cohort data support associations between high red meat intake and CVD-related
events (2, 3) and mortality (4–6). This notion is currently being challenged due to data collection
methods that group red meat with processed meat and/or inconsistent nomenclature and
classification of red meat throughout the literature (7, 8). Regardless of contradicting evidence,
an observational study design is unable to show causality such as with a randomized controlled
trial (RCT). There is a paucity of literature that systematically and comprehensively assesses the
effects of total red meat consumption amounts on CVD risk with data from RCTs (9).
The purpose of this meta-analysis was to systematically search the literature to assess the
effects of total red meat consumption on indexes of CVD risk. The search included studies with
an RCT design that measured blood lipids, lipoproteins, and/or blood pressures. We
hypothesized that the consumption of ≥0.5 servings of red meat/d (or ∼3.5 servings/wk) would
negatively affect blood lipids, lipoproteins, and blood pressures. Our hypothesis was based on a
current prospective cohort analysis that estimated that 8.6% and 12.2% of CVD-related deaths in
men and women, respectively, would be preventable if participants consumed <0.5 servings of
total red meat/d (5).

2.3
2.3.1

Methods
Search Strategy and Data Extraction
We followed the same systematic search protocol as the 2015 Dietary Guidelines

Advisory Committee from the Nutrition Evidence Library (10). The PICOS (Population,
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Intervention, Comparator, Outcome, Study design) criteria used to define our research question
are listed in Table 1. Inclusion criteria consisted of the following: 1) use of an RCT study design,
2) subjects aged ≥19 y, 3) an intervention group or phase with consumption of ≥0.5 servings of
total red meat/d compared with a control group or phase with consumption of <0.5 servings of
total red meat/d, and 4) reporting of ≥1 CVD risk factor as a dependent variable [i.e., blood total
cholesterol (TC), LDL cholesterol, HDL cholesterol, TC-to-HDL-cholesterol ratio (TC:HDL),
triglycerides, systolic blood pressure (SBP), and diastolic blood pressure (DBP)]. Our metaanalysis followed the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines (11).

Table 2.1 Description of PICOS1 Criteria for a Systematically Searched Meta-analysis Assessing
the Effects of Consuming ≥0.5 or <0.5 Servings of Total Red Meat/d on Blood Lipids,
Lipoproteins, and Blood Pressures
Parameter1
Population
Intervention
Comparison control
Outcome

Description
Adults 19+ years old
Groups who consumed ≥0.5 servings (35 g or 1.25 oz.) of total red meat per day
Groups who consumed <0.5 servings of total red meat per day
Changes in modifiable traditional cardiovascular disease risk factors, specifically blood
lipid-lipoproteins and blood pressures

Setting
Research question

Randomized controlled trials
What is the effect of consuming ≥0.5 servings of total red meat per day on blood lipidlipoproteins and blood pressures in adults?

The original search took place in May 2015 but was updated in May 2016. We identified
studies via a computerized search of 3 databases: 1) PubMed
(http://www.ncbi.nlm.nih.gov/pubmed), 2) Cochrane Library (http://www.cochranelibrary.com),
and 3) Scopus (http://www.scopus.com). We reviewed reference lists of the identified studies
and found 10 additional potential studies. Search terms and results are identified in Table 2. All
of the database searches were completed independently by the primary author (LEO) and the
secondary author (JEK). A research librarian assisted both reviewers (see Acknowledgments) in
database and search term selection to optimize the search process and to reduce the chance of
bias.
We excluded 865 of 945 studies from our search for the following reasons: 1) the study
design was not an RCT, 2) the population was <19 y of age or pregnant, 3) the control and
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intervention diets did not differ in total red meat consumption amounts, or 4) the researchers did
not report the dependent variables of interest (see Figure 1). The primary and secondary authors
independently read 80 potentially eligible studies to further assess inclusion criteria and to avoid
selection bias. We contacted corresponding authors when clarification or unpublished data were
needed. We excluded 56 of the 80 studies from the analysis for the following reasons: 1) we
were unable to determine the amount of red meat consumed, 2) the control and intervention diets
did not meet our requirements of ≥0.5 or <0.5 servings/d or ≥3.5 or <3.5 servings/wk of total red
meat, or 3) we were unable to obtain the dependent variables of interest in a usable data format.
The primary and secondary authors independently extracted data from the final 24 studies
including the following: 1) author name, 2) publication year, 3) population size and description,
4) intervention duration, 5) protein source comparison consumed by the control group, and 6) the
amount of total red meat intake, dietary patterns, method of diet administration, assessment of
dietary compliance, and pre- and postintervention values and net changes in blood TC, LDL
cholesterol, HDL cholesterol, TC:HDL, triglycerides, SBP, and DBP for both the control and
intervention groups.
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Table 2.2 Search Terms and Results for a Systematically Searched Meta-analysis Assessing the
Effects of Consuming ≥0.5 or <0.5 Servings of Total Red Meat/d on Blood Lipids, Lipoproteins,
and Blood Pressures
Results
yielded
332

Source
PubMed
database

Search terms
("Meat"[Mesh] OR "Meat
Products"[Mesh] OR "red meat” OR
“beef” OR “pork”) AND
(“hypertension"[Mesh] OR
"Cholesterol, LDL"[Mesh] OR
"Cholesterol, HDL"[Mesh] OR
“Blood Pressure”[MESH] or
"lipoproteins"[MESH])

Filters
Humans, 19+ years, English

Scopus
database

meat AND ( blood pressure OR
lipoprotein)

426

Cochrane
CENTRAL
database
Reference
lists of
identified
articles

Meat AND (blood pressure OR
lipoprotein)

English, human, humans, source type journals,
limit to article and conference paper; exclude
physical sciences, social sciences, humanities,
agriculture, immunology, chemistry,
environmental sciences, neuroscience,
chemical engineering, engineering, computer
science, psychology, arts and humanities,
mathematics, veterinary and multidisciplinary
Trials

n/a

10

n/a

TOTAL

MESH, Medical Subject Heading; N/A, not applicable

177

945
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2.3.2

Definitions
For this meta-analysis, we used the 2015–2020 Dietary Guidelines for Americans (DGA)

glossary definition of red meat (or “meat”) and processed meat: “all forms of beef, pork, lamb,
veal, goat, and non-bird games (e.g. venison, bison, elk)” and “preserved by smoking, curing,
salting, and/or the addition of chemical preservatives,” respectively (12). Unprocessed meat
refers to meat that is preserved by refrigeration or freezing only (13). However, all meat
available for purchase is processed to an extent (e.g., slaughtering and packaging) so the term
“minimally processed” will be used in this meta-analysis to further describe the red meat
consumed by research subjects. Blood TC, LDL cholesterol, HDL cholesterol, TC:HDL,
triglycerides, SBP, and DBP are common modifiable biomarkers of CVD risk regularly assessed
by physicians and therefore are the dependent variables assessed in this meta-analysis.
2.3.3

Calculations, Bias Assessment, and Statistical Analyses
We obtained or calculated the amount of red meat consumed by each group from the

dietary data available in the study and contacted authors for clarification or raw data when
needed. According to the American Heart Association, a serving size of cooked meat is 2–3
ounces (14); therefore, we considered 1 serving and 0.5 servings of red meat to be equivalent to
2.5 and 1.25 ounces, respectively. With the use of ProNutra software version 3.3 (Viocare, Inc.),
we calculated that 1.25 ounces of red meat was equivalent to 35 g. The cutoff of 0.5 servings/d is
supported by a 2012 prospective cohort analysis that estimated that 8.6% and 12.2% of CVDrelated deaths in men and women, respectively, were preventable if subjects consumed <0.5
servings of total red meat/d (5).
We converted all blood lipid and lipoprotein data to mmol/L [TC, LDL-cholesterol, and
HDL-cholesterol conversion: mg/dL ÷ 38.67; triglycerides conversion: mg/dL ÷ 88.57 (15)]. We
extracted pre- and postintervention means, SDs, change values, and SDs of the change values
from the studies when available. If not available, we calculated values, when appropriate, either
from raw data obtained from the researchers or from information that was provided in the study
and calculated change-value SDs by using a correlation factor representative of the change-value
SDs that were available from the other studies (16). We evaluated the risk of selection,
performance, and detection biases by using the modified Cochrane assessment tool (17).
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When discussing “studies” throughout this meta-analysis, we are referring to the entirety
of each publication. Some studies contained >1 intervention or control group or phase. In this
case, these interventions are presented separately and treated as independent trials to account for
within-study differences (18). Crossover trials were included in this meta-analysis; the present
results and figures show crossover trial means and SDs incorporated into the data set as if they
were parallel designs (19). This approach uses a correlational factor of 0 for all trial SDs. We
recognize that this approach is conservative and causes crossover studies to be underweighted;
therefore, we conducted secondary analyses to approximate a paired analysis for each variable by
imputing missing SDs with the use of a correlational factor of 0.99 for all crossover design
studies (20).
With the use of SAS version 9.4 (SAS Institute), we performed a repeated-measures
ANOVA to assess pre- to postintervention changes in TC, LDL cholesterol, HDL cholesterol,
TC:HDL, triglycerides, SBP, and DBP. We performed a 2-factor, nested ANOVA mixed-effects
model procedure on the postintervention values of each dependent variable after adjustment for
baseline values, age, sex, BMI, length of intervention, and whether energy restriction was or was
not included in the protocol (21). These results are reported as adjusted least-squares means. We
analyzed the change values by using STATA/IC 14 (StataCorp) and calculated the overall effect
size by using the metaan function (intervention group or phase change value minus control group
or phase change value). We used a random-effects model when heterogeneity was indicated by a
significant chi-square test; otherwise, a fixed-effects model was used (22, 23). These results are
reported as weighted mean differences and 95% CIs. Studies in Figures 2–8 are organized in
descending order from smallest to largest amounts of total red meat consumed per day by the
intervention group or phase. Significance was set at P < 0.05. A statistical consultant approved
all calculations and analyses (see Acknowledgments).
We performed traditional sensitivity analyses by removing 1 study or trial at a time and
reconducting the analyses. We performed additional sensitivity analyses by removing clusters of
studies containing design features that had the potential to confound results, including weightloss diets (27, 29), heart-healthy diets (25, 26, 28, 34, 35, 39, 42, 43), diseased populations
[hypertensive (26, 28, 38), hypercholesterolemic (34, 35, 42), and/or diabetic (32)], studies that
resulted in significant weight loss (25, 27–29, 35), inclusion of processed meat (45), studies that
did not specify the degree of meat processing (24, 25, 27, 32, 36, 40, 43, 46, 47), and studies that
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used different amounts of protein intake in the control and intervention group or phase (29, 32,
38, 43). We also performed post hoc analyses by dividing the studies into specific quantities of
red meat consumption [1.0–1.9 servings of red meat/d (24–29), 2.0–2.9 servings of red meat/d
(30–37), or ≥3.0 servings of red meat/d (38–43)] and reconducted the analyses in STATA.

2.4

Results

2.4.1

Study Features and Subject Characteristics
Twenty-four studies were included in the statistical analyses (see Figure 1); some

contained >1 control group or phase (29–32, 36, 42, 43) and are reported as separate studies.
Details of each study are shown in Table 3. The median total red meat servings per day in the
control and intervention groups were 0 servings/d (range: 0–0.4 servings/d or 0–30 g/d) and 2
servings/d (or 140 g/d; range 1.0–7.1 servings/d or 68–500 g), respectively. Two of the selected
studies included a weight-loss diet (27, 29), 8 studies included a heart-healthy dietary pattern
(25, 26, 28, 34, 35, 39, 42, 43), the subjects self-selected their diet similar to their habitual intake
in 9 studies (24, 30, 31, 36–38, 46, 40, 41), and 5 of the selected studies were unclear about the
diet other than the predominant protein source (32, 33, 44, 45, 47). Only minimally processed
meats were consumed in 15 studies (25, 26, 28, 29, 30, 31, 33–35, 37–39, 41, 42, 44), highly
processed meats were consumed in 1 study (45), and the extent of meat processing was unclear
in the remaining 8 studies (24, 27, 32, 36, 40, 43, 46, 47). Intervention lengths varied from 2 to
32 wk.

935 articles identified through PubMed,
Cochrane, and Scopus searching

10 additional articles identified
from other sources

945 articles screened

Screening

Identification
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865 articles excluded

Eligibility

80 full-text articles assessed for eligibility
56 full-text articles excluded
due to no primary outcomes or the
amount of red meat intake was not
reported
Articles included in quantitative analysis Metaanalysis of change values

LDL
20 articles

HDL
20 articles

TC:HDL
6 articles

TG
17 articles

SBP
6 articles

DBP
6 articles

Included

TC
21 articles

Articles included in quantitative analysis
T-test of post values adjusted for baseline

TC
22 articles

LDL
21 articles

HDL
21 articles

TC:HDL
20 articles

TG
19 articles

Figure 2.1 PRISMA Flowchart

SBP
7 articles

DBP
7 articles
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Table 2.3 Study Design of Randomized Controlled Trials Assessing the Effects of Consuming ≥
or <0.5 Servings of Total Red Meat per Day on Blood Lipid-lipoproteins and Blood Pressures
Author, year

Total red meat
servings
(g)/day in
intervention;
type of red
meat;
processing
level
1.0 (68); beef,
lamb, ham,
pork; n/a

Total red
meat servings
(g)/day in
control;
comparison
protein source

Dietary pattern; diet
administration
method; dietary
compliance
assessment

Intervention
length in
weeks; study
design

Population size and
description; mean age
in years; mean BMI in
kg/m2

0; fatty fish

8; two arm
parallel

80 generally healthy M
and Fs; 69.6; 26.4

Prescott,
1987 (36)

1.0 (72); meat
supplement
containing
sausage, beef,
lamb, pork;
processed

0; non-meat
supplement

habitual diet;
protein source and
some other foods
provided; verbal
motivation and
interviews every 2
weeks
n/a; two meals per
day and protein
source provided;
urinary 3-methyl
histidine

12; two arm
parallel

64 generally healthy M
and F; n/a; n/a

Aadland,
2015 (32)

1.1 (77); pork
and lean beef;
minimally
processed

0; lean
seafood (cod,
pollock,
saithe, and
scallops)

Norwegian
nutritional
recommendations;
some food
provided; daily oral
questionnaire and
regular weigh-ins

20; two
phase
crossover

20 generally healthy M
and F; 50.6; 25.6

Nowson,
2009 (33)

1.2 (86); raw
lean beef,
lamb, veal, or
combination;
minimally
processed

≤0.4 (28.6);
combination
control

Dietary Approaches
to Stop
Hypertension;
protein source and
some other food
provided with
dietary counseling;
24-hr urinary
electrolyte
excretion and food
records

14; two arm
parallel

95 normalhypertensive postmenopausal F; 59.2;
29.6

Grieger, 2014
(37)
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Table 2.3 Continued Study Design of Randomized Controlled Trials Assessing the
Effects of Consuming ≥ or <0.5 Servings of Total Red Meat per Day on Blood Lipid-lipoproteins
and Blood Pressures
Liao, 2007
(24)

1.5 (105); n/a;
n/a

0; soy

NavasCarretero,
2009 (38)

1.6 (113); red
meat; n/a

0.3 (22.3);
oily fish

Sayer, 2015
(26)

1.7 (121) ;
pork
tenderloin,
uncured ham,
beef
tenderloin;
minimally
processed
1.7 (121);
cooked beef
tenderloin;
minimally
processed

0.2 (10.7);
chicken/fish

Flynn, 1981
(43)

2.0 (140); raw
beef;
minimally
processed

0; fish/poultry

Flynn, 1982
(42)

2.0 (140); raw
beef or pork;
minimally
processed

0; fish/poultry

Mahon, 2007
(25)

0; chicken,
carbohydrate
or habitual
control

weight loss diet
(1200 kcal); partial
food provided for
soy group but none
for intervention
group with dietary
counseling and
education; n/a
habitual diet; daily
24-hr dietary recalls
and monthly 72-hr
detailed intake
report; daily menu
forms and weekly
interviews

8; two arm
parallel

30 generally healthy M
and F; 33.4; 29.8

8; two phase
crossover

25 iron-deficient F; 1830; 22.1

Dietary Approaches
to Stop
Hypertension;
protein source
provided; daily
food logs and 24-hr
urinary urea
nitrogen
weight loss diet
(1250kcal); protein
source provided
with dietary
counseling, written
instructions, menus
and shopping lists;
bi-weekly dietary
counseling sessions

6; two phase
crossover

19 prehypertensive or
hypertensive M and F;
61; 31.2

9; four arm
parallel

43 generally healthy
post-menopausal F; 58;
29 .6

habitual diet;
protein source
provided; daily
food logs and 4-day
food records
habitual diet;
protein source
provided; 4-day
food records

12; two
phase
crossover

129 generally health M
and F; n/a; n/a

12; two
phase
crossover

76 generally healthy M
and F; n/a; n/a
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Table 2.3 Continued Study Design of Randomized Controlled Trials Assessing the
Effects of Consuming ≥ or <0.5 Servings of Total Red Meat per Day on Blood Lipid-lipoproteins
and Blood Pressures
de Mello,
2006 (35)

2.0 (141);
beef; n/a

0; chicken or
lactoovo low
protein

n/a; no food
provided; 2-day
weighed food
records and 24-hr
urinary urea
nitrogen output
n/a; tofu provided,
dietary counseling
for meat selection;
n/a

4; two phase
crossover

17 M with type 2
diabetes and
macroalbuminuria; 59;
26.2

Ashton, 2000
(45)

2.1 (150);
lean raw red
meat;
minimally
processed

0; tofu

4; two phase
crossover

42 generally healthy
M; 45.8; 26.2;

Davidson,
1999 (27)

2.2 (159);
lean beef, veal
or pork, lamb;
minimally
processed

21.9; lean
white meat
(poultry and
fish)

32; two arm
parallel

165 m
hypercholesterolemic
M and F; 55.8; 27.3

6; two phase
crossover

39
hypercholesterolemic
M and F; 33.4; 24.4

0; fish/poultry
with varying
dietary
cholesterol
prescriptions

National
Cholesterol
Education Program
Step I Diet; no food
provided, dietary
counseling; food
logs
prudent; pre/post 7day weighed food
records; postquestionnaires to
assess compliance
varying cholesterol
prescriptions but
otherwise habitual
diet; n/a; diet
records

Wolmarans,
1999 (28)

2.4 (165);
lean beef and
lean mutton;
minimally
processed
2.4 (170);
beef, pork, or
lamb; n/a

0;
chicken/fish

6; four phase
crossover

29 generally healthy
M; 43; n/a

Horrocks,
1999 (40)

2.9 (200);
pork; n/a

0; chicken

n/a; n/a; n/a

4; two phase
crossover

20 generally healthy F;
n/a; n/a

Foerster,
2014 (44)

2.9 (200);
fresh pork
cutlet and
beef steak;
minimally
processed

<0.4 (30);
whole grain
products

habitual diet;
protein sources
provided; regular
check-ins with
research staff

10; two
phase
crossover

20 generally health M
and F; 40.1; 24.4

Hodgson,
2006 (34)

3.1 (215);
lean raw red
meat;
minimally
processed

0; plant
protein

habitual diet;
protein source
provided with
dietary counseling;
pre/post 3-day
weighed food diary

8; two arm
parallel

60 hypertensive M and
F; 58.7; 27.7

O'Brien, 1980
(39)
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Table 2.3 Continued Study Design of Randomized Controlled Trials Assessing the
Effects of Consuming ≥ or <0.5 Servings of Total Red Meat per Day on Blood Lipid-lipoproteins
and Blood Pressures
Gascon, 1996
(29)

3.3 (230);
lean beef,
pork, veal;
minimally
processed

0; lean white
fish

American Heart
Association prudent
diet; partial meals
provided; verbal
interview every 2
days
habitual diet; n/a ;
pre and post 7-day
dietary records

~4 (one
menstrual
cycle); two
phase
crossover

14 generally healthy F;
22.4; 22

Wolmarans,
1991 (41)

3.5 (246);
beef and
mutton; n/a

0; fatty fish

6; two phase
crossover

28 generally healthy M
and F; 33.8; n/a

Haub, 2005
(46)

3.5 (248);
cube steak,
ground beef,
beef tips;
minimally
processed

0; plant
protein

habitual diet;
protein source
provided; routine
interviews to assess
compliance

12; two arm
parallel

21 generally healthy
M; 65.0; 28.2

Wiebe, 1984
(47)

3.6 (250);
frozen beef
patties,
minimally
processed

0; plant
protein

controlled but not
specified; food
provided; n/a

3; two phase
crossover

8 generally healthy M;
20.9, 21.7

BeauchesneRondeau,
2003 (30)

5.4 (380);
lean ground
beef, exterior
round, sirloin
top;
minimally
processed

0; lean fish or
poultry

American Heart
Association Diet;
partial food
provided; n/a

3; three
phase
crossover

17
hypercholesterolemic
M; 50.1; 26.5

Sinclair, 1987
(31)

7.1 (500);
kangaroo; n/a

0; southern
fatty fish,
tropical fatty
fish or plant
protein

low fat (<7% total
2; four phase 13 generally healthy M
energy); protein
crossover
and F; 31.3; 21.2
source provided
with dietary
counseling; daily
food records
DBP, diastolic blood pressure; PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analyses;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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2.4.2

Quality and Bias of Selected Studies
Due to clear reporting of randomization methods, we deemed 5 studies at low risk of

selection bias (24, 25, 29, 38, 46). Researchers disclosed allocation concealment methods in 2
studies (24, 25), but the rest were unclear about allocation methods. Three studies were at low
risk of performance bias [2 investigator-blinded studies (34, 38) and 1 double-blind study (45)]
but the rest did not report blinding. Detection bias was unclear in all of the studies except for 3
that were blinded for outcome assessment (25, 34, 38). In 16 articles, the researchers provided
food to the subjects (mainly protein-rich foods) (24, 26–29, 31, 33, 37–45), but the rest did not
provide food or did not specify if they provided food to the subjects. Researchers assessed
dietary compliance in numerous ways, which are shown in Table 3, including dietary counseling,
interviews, or questionnaires (24–27, 33–35, 37, 39, 41, 43, 46); food records, logs, or menus
(26, 28–32, 34–36, 38, 40, 43, 46); and/or urinary markers such as urinary 3-methyl histidine
(45), urinary electrolyte excretion (26), and 24-h urinary urea nitrogen output (28, 32). Most
studies showed the use of >1 of these methods of dietary compliance.
2.4.3

Results of Statistical Analyses
There was a decrease from pre- to postintervention values of TC, LDL cholesterol, HDL

cholesterol, TC:HDL, triglycerides, and DBP but not SBP in both groups (repeated-measures
ANOVA). The results showed no differences in postintervention values between the groups who
consumed ≥0.5 or <0.5 servings of total red meat/d for any of the dependent variables (2-factor
nested ANOVA mixed-effects model; P > 0.05 for all variables; see Table 4). Our analysis of the
change values suggested no difference in responses over time between the groups who consumed
≥0.5 or <0.5 servings of total red meat/d in TC, LDL cholesterol, HDL cholesterol, TC:HDL,
triglycerides, SBP, or DBP (fixed- or random-effects model; see Figures 2–8). There was no
indication that consumption of progressively higher red meat amounts influenced these CVD risk
factors (see Figures 2–8; the amount of red meat consumed progressively increases from top to
bottom of each figure). Results from imputing SDs of crossover designs with 0.99 as the
correlational factor did not differ from the original results with the use of 0 as the correlational
factor.
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More than 99% of the traditional sensitivity analyses showed no significant change in
results. No cluster sensitivity analyses significantly changed results when we removed studies
that included weight-loss diets, heart-healthy diets, significant weight loss, diseased populations,
consumption of processed red meats or no specification of the degree of meat processing, and
studies that used different amounts of protein intake in the control and intervention group/phase.
Post hoc analyses of red meat consumption amounts showed no differences in change values
between the control and intervention group, whether consuming 1.0–1.9, 2.0–2.9, or ≥3.0
servings of red meat/d, with the exception that HDL cholesterol was higher when ≥3.0 servings
of red meat/d was consumed (weighted mean difference: 0.10; 95% CI: 0.05, 0.16).

Table 2.4 A Two-way Nested ANOVA (Mixed Effect Model) of Post-intervention Values
Showed No Differences between Consuming ≥ or <0.5 Servings of Total Red Meat per Day in
Randomized Controlled Trials
≥0.5 servings of total
red meat/day

<0.5 servings of total
red meat/day

Number of
articles
Dependent Variable1
Mean2
included
SE
Mean
SE
P value
22
Total cholesterol
4.93
0.11
4.88
0.10
0.57
21
LDL-cholesterol
3.18
0.08
3.13
0.07
0.52
21
HDL-cholesterol
1.30
0.04
1.27
0.03
0.41
20
Triglycerides
1.23
0.05
1.21
0.05
0.83
19
TC:HDL
3.93
0.07
3.98
0.07
0.46
7
Systolic blood pressure
121
10
122
11
0.51
7
Diastolic blood pressure
64
4
63
5
0.55
1
A repeated measures ANOVA showed that all dependent variables changed over time except systolic blood
pressure (p<0.05). 2Data is presented as least square means adjusted for baseline values, age, sex, BMI, length of
intervention, and whether energy restriction was or was not included in the protocol. Total cholesterol, LDLcholesterol, and HDL-cholesterol conversion mmol/L*38.67=mg/dL; triglyceride conversion
mmol/L*88.57=mg/dL.

Figure 2.2 Random-effects Model Meta-analysis for Changes in Total Blood Cholesterol Concentrations from Randomized Controlled
Trials Comparing ≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.011, x2 = 1.48, df = 38 (P = 0.028), I 2 = 32%. Data are shown in descending order from smallest to largest amounts of red meat consumed
by the intervention group or phase. CARB, carbohydrate control diet; CHICK, chicken control diet; CON, habitual control diet; F, lean fish control diet; F1, first
female group; F1 BEEF, first female group consuming beef diet; F1 PORK, first female group consuming pork diet; F2, second female group; F2 BEEF, second
female group consuming beef diet; F2 PORK, second female group consuming pork diet; HC G1, first group consuming high-cholesterol diet; HC G2, second
group consuming high-cholesterol diet; LC G1, first group consuming low-cholesterol diet; LC G2, second group consuming low-cholesterol diet; LVLP,
lactovegetarian low-protein control diet; M1, first male group; M1 BEEF, first male group consuming beef diet; M1 PORK, first male group consuming pork
diet; M2, second male group; M2 BEEF, second male group consuming beef diet; M2 PORK, second male group consuming pork diet; P, poultry control diet;
SF, southern fish control diet; TF, tropical fish control diet; VEG, vegetarian control diet.
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Figure 2.3 Random-effects Model Meta-analysis for Changes in Blood LDL-cholesterol Concentrations from Randomized Controlled
Trials Comparing ≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.011, x2 = 6.62, df = 38 (P = 0.001), I 2 = 85%. Data are shown in descending order from smallest to largest amounts of red meat consumed
by the intervention group or phase. CARB, carbohydrate control diet; CHICK, chicken control diet; CON, habitual control diet; F, lean fish control diet; F1, first
female group; F1 BEEF, first female group consuming beef diet; F1 PORK, first female group consuming pork diet; F2, second female group; F2 BEEF, second
female group consuming beef diet; F2 PORK, second female group consuming pork diet; HC G1, first group consuming high-cholesterol diet; HC G2, second
group consuming high-cholesterol diet; LC G1, first group consuming low-cholesterol diet; LC G2, second group consuming low-cholesterol diet; LVLP,
lactovegetarian low-protein control diet; M1, first male group; M1 BEEF, first male group consuming beef diet; M1 PORK, first male group consuming pork
diet; M2, second male group; M2 BEEF, second male group consuming beef diet; M2 PORK, second male group consuming pork diet; P, poultry control diet;
SF, southern fish control diet; TF, tropical fish control diet; VEG, vegetarian control diet.
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Figure 2.4 Random-effects Model Meta-analysis for Changes in Blood HDL-cholesterol Concentrations from Randomized Controlled
Trials Comparing ≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.011, x2 = 6.62, df = 38 (P = 0.001), I 2 = 85%. Data are shown in descending order from smallest to largest amounts of red meat consumed
by the intervention group or phase. CARB, carbohydrate control diet; CHICK, chicken control diet; CON, habitual control diet; F, lean fish control diet; F1, first
female group; F1 BEEF, first female group consuming beef diet; F1 PORK, first female group consuming pork diet; F2, second female group; F2 BEEF, second
female group consuming beef diet; F2 PORK, second female group consuming pork diet; HC G1, first group consuming high-cholesterol diet; HC G2, second
group consuming high-cholesterol diet; LC G1, first group consuming low-cholesterol diet; LC G2, second group consuming low-cholesterol diet; LVLP,
lactovegetarian low-protein control diet; M1, first male group; M1 BEEF, first male group consuming beef diet; M1 PORK, first male group consuming pork
diet; M2, second male group; M2 BEEF, second male group consuming beef diet; M2 PORK, second male group consuming pork diet; P, poultry control diet;
SF, southern fish control diet; TF, tropical fish control diet; VEG, vegetarian control diet
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Figure 2.5 Random-effects Model Meta-analysis for Changes in Blood TC:HDL from Randomized Controlled Trials Comparing ≥0.5
or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.064, x2 = 9.93, df = 8 (P = 0.001), I 2 = 90%. Data are shown in descending order from smallest to largest amounts of red meat consumed by
the intervention group or phase. CARB, carbohydrate control diet; CHICK, chicken control diet; CON, habitual control diet; F, lean fish control diet; P, poultry
control diet; TC:HDL, ratio of total cholesterol to HDL cholesterol.
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Figure 2.6 Random-effects Model Meta-analysis for Changes in Blood Triglyceride Concentrations from Randomized Controlled
Trials Comparing ≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.017, x2 = 3.16, df = 31 (P = 0.001), I2 = 68%. Data are shown in descending order from smallest to largest
amounts of red meat consumed by the intervention group or phase. CARB, carbohydrate control diet; CHICK, chicken control diet; CON, habitual control diet;
F, lean fish control diet; F1, first female group; F1 BEEF, first female group consuming beef diet; F1 PORK, first female group consuming pork diet; F2, second
female group; F2 BEEF, second female group consuming beef diet; F2 PORK, second female group consuming pork diet; M1, first male group; M1 BEEF, first
male group consuming beef diet; M1 PORK, first male group consuming pork diet; M2, second male group; M2 BEEF, second male group consuming beef diet;
M2 PORK, second male group consuming pork diet; P, poultry control diet; SF, southern fish control diet; TF, tropical fish control diet; VEG, vegetarian control
diet.
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Figure 2.7 Fixed-effects Model Meta-analysis for Changes in Systolic Blood Pressure from Randomized Controlled Trials Comparing
≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.662, x2 = 4.42, df = 5 (P = 0.346), I2 = 11%. Data are shown in descending order from smallest to largest amounts of red meat consumed by
the intervention group or phase.
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Figure 2.8 Fixed-effects Model Meta-analysis for Changes in Diastolic Blood Pressure from Randomized Controlled Trials
Comparing ≥0.5 or <0.5 Servings of Total Red Meat/d
Heterogeneity: t2 = 0.662, x2 = 4.42, df = 5 (P = 0.097), I2 = 46%. Data are shown in descending order from smallest to largest amounts of red meat consumed by
the intervention group or phase
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2.5

Discussion
To the best of our knowledge, this is the first systematically searched meta-analysis to

assess the consumption of ≥0.5 servings of total red meat/d on blood lipids, lipoproteins, and
blood pressures by using data from RCTs. This serving size is consistent with the dietary patterns
recommended by the 2010–2015 DGA and the Scientific Report of the 2015 Dietary Guidelines
Advisory Committee. Our results indicate that the consumption of ≥0.5 servings of total red
meat/d does not influence these clinically relevant and commonly measured modifiable CVD
risk factors. These results do not support our hypothesis, which was based on a 2012
observational cohort study that estimated that the consumption of ≥0.5 servings of total red
meat/d would increase CVD mortality (5). Our results align with a previous meta-analysis of 8
studies, which concluded that changes in blood lipids and lipoproteins did not differ when lean,
unprocessed beef was consumed compared with poultry or fish (9). Our meta-analysis of 24
studies is more generalizable because it was inclusive of a variety of red meat types and also
assessed blood pressure. It is important to emphasize that our conclusions do not support a
cardioprotective effect of higher red meat consumption, such as is shown with fatty fish (48), but
that the consumption of ≥0.5 servings of total red meat/d does not affect changes in blood lipids,
lipoproteins, and blood pressures.
Although the median daily total red meat intake in the intervention group or phase was 2
servings, almost double what the average American consumes [∼1.2 servings/d (49)], the range
was large (1.0–7.1 servings/d). There is no visual threshold of total red meat consumption that
indicates an apparent negative effect on blood lipids, lipoproteins, and blood pressures, as shown
by the nondescript dispersal of the data in Figures 2–8. Although we used the cutoff of 0.5
servings of total red meat/d (5), we performed post hoc analyses to test if the studies with lower
red meat consumption were washing out the effects of higher red meat consumption. The highest
category of red meat consumption (>3 servings of red meat/d) showed no negative effects on
blood lipid and lipoprotein concentrations and blood pressures and resulted in higher HDL
concentrations. Because substituting protein for carbohydrate and adopting a “heart healthy” diet
are shown to improve blood lipid and lipoprotein concentrations and blood pressure (50–53), we
performed cluster sensitivity analyses to assess studies without these characteristics. This did not
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influence our conclusion that consuming ≥0.5 servings of red meat/d does not affect changes in
blood lipid and lipoprotein concentrations and blood pressures. Therefore, this meta-analysis
compared protein sources rather than macronutrient compositions within the context of a variety
of diets.
The Mediterranean-style and the DASH (Dietary Approaches to Stop Hypertension)
dietary patterns are “heart healthy” diets that include <0.5 servings of red meat/d. The
Mediterranean-style dietary pattern is predominantly modeled on observational cohort studies
(54–57) and 1 large-scale RCT (58) that indicate a lower incidence of CVD-related events,
mortality, and lower CVD risk with the consumption of this dietary pattern. However, these
studies reported red meat consumption of >0.5 servings of red meat/d [range: ∼2–3.5
servings/1000 kcal; see Figure D1.59 in the Scientific Report of the 2015 Dietary Guidelines
Advisory Committee (59) for a graphic summary of these studies, with the exception of our
reference 57]. Therefore, it is unclear what studies are supportive of this recommendation for red
meat in the context of a Mediterranean-style diet. The DASH diet, by design, limits red meat
consumption to <0.5 servings/d (60). However, current RCTs showed that the DASH diet has
equivalent effectiveness to reduce blood lipids, lipoproteins, and blood pressures when it
contains >0.5 servings of red meat/d [1.6 or 2.2 servings of beef (61, 62) or 1.7 servings of pork
(28) daily]. Collectively, these studies suggest that the consumption of >0.5 servings of red
meat/d in the context of these recommended dietary patterns does not hinder improvements in
CVD risk factors.
The conflicting literature creates ambiguous conclusions in dietary guidance pertaining to
red meat consumption amounts. The Scientific Report of the 2015 Dietary Guidelines Advisory
Committee concluded that “lean meats” can be incorporated into a healthy diet in relatively small
amounts, but there is no specificity to the type or amount of lean meat. Communication to the
general public from the 2015–2020 DGA combines red meat with the “meat, eggs, and poultry”
recommendation rather than its own food group (12), as done in previous DGAs (63). Dietary
recommendations based on the 2010–2015 DGA, with support from the 2015 Advisory Report,
suggest that red meat consumption should be limited to ∼0.5–0.7 servings/d or ∼3.5–5
servings/wk (59, 63); this varies because the serving size range is 2–3 ounces. The Dietary
Guidelines Advisory Committee search process has strict criteria that limit the inclusion of data
from available RCTs (64), so this conclusion is based predominantly on epidemiologic
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associations (63). This restricts the conclusions to be mainly based on associative conclusions of
morbidity and mortality rather than cause and effect of disease risk, both of which need to be
considered in determining dietary guidance and public policy.
A strength of this systematically searched meta-analysis is the use of RCT designs, which
allows our conclusions to be based on the principle of causation. These RCTs assessed the
effects of consumption of total red meat on CVD risk factors for relatively short periods of time
(2–32 wk). In contrast, epidemiologic studies have assessed the association between total red
meat consumption and CVD-related morbidity and mortality that typically require years or
decades of follow-up and are not suitable to determine causality. Thus, results from RCTs
support that the consumption of red meat does not influence CVD risk factors, whereas
epidemiologic studies support that the consumption of red meat is associated with higher
incidences of CVD-related morbidity and mortality. Future efforts and research by academic,
industry, and government leaders are needed to improve the scientific foundation and
communication to the public about the effects of red meat on diet quality and human health by
including evidence from both types of study designs.
Another strength of this meta-analysis is the high external validity because we did not
restrict our search to certain dietary patterns, populations, or types of red meat (65). Although
this created heterogeneity among data within each blood lipid and lipoprotein variable (indicated
by the I2 scores; see Figures 2–6), the extensive sensitivity analyses did not affect overall
findings when potential modifiers were excluded. Data from other CVD risk factors, such as
endothelial cell function and inflammation, were not collected for this meta-analysis. These
factors can progress to CVD when traditional risk factors are unchanged (66) and therefore may
be a limitation of this analysis. We did not exclude studies based on the criteria used by the
Dietary Guidelines Advisory Committee (64) and recognize that a meta-analysis is only as strong
as the empirical evidence included. We raise concern about the unclear bias reporting, which was
common in the studies included in this meta-analysis, and urge researchers to comprehensively
report study design characteristics. We are also aware that there are other potential human and
environmental health risks associated with higher red meat intake, which are beyond the scope of
this review, and include but are not limited to cancer (67) and environmental sustainability (68,
69).
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In conclusion, the results from this systematically searched meta-analysis of RCTs
support that the consumption of ≥0.5 compared with <0.5 servings of total red meat/d does not
influence blood lipids, lipoproteins, and/or blood pressures, which are clinically relevant CVD
risk factors. These results are generalizable across a variety of populations, dietary patterns, and
types of red meat. These results are inconsistent with much of the observational evidence related
to red meat consumption and CVD, which prompts the need for future research to reconcile the
apparent disconnect between RCT and observation-based conclusions.

2.6

References

1. CDC. Heart disease facts. Version current 10 August 2015 [cited 2016 May 9]. Available
from: http://www.cdc.gov/heartdisease/facts.htm.
2. Kaluza J, Wolk A, Larsson SC. Red meat consumption and risk of stroke: a meta-analysis of
prospective studies. Stroke 2012;43:2556–60.
3. Chen GC, Lv DB, Pang Z, Liu QF. Red and processed meat consumption and risk of stroke: a
meta-analysis of prospective cohort studies. Eur J Clin Nutr 2013;67:91–5
4. Abete I, Romaguera D, Vieira AR, Lopez de Munain A, Norat T. Association between total,
processed, red and white meat consumption and all-cause, CVD and IHD mortality: a
meta-analysis of cohort studies. Br J Nutr 2014;112:762–75.
5. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Stampfer MJ, Willett WC, Hu FB.
Red meat consumption and mortality: results from 2 prospective cohort studies. Arch
Intern Med 2012;172:555–63.
6. Wang X, Lin X, Ouyang YY, Liu J, Zhao G, Pan A, Hu FB. Red and processed meat
consumption and mortality: dose-response meta-analysis of prospective cohort studies.
Public Health Nutr 2016;19:893–905.
7. Micha R, Wallace SK, Mozaffarian D. Red and processed meat consumption and risk of
incident coronary heart disease, stroke, and diabetes mellitus: a systematic review and
meta-analysis. Circulation 2010;121:2271–83.
8. Micha R, Michas G, Mozaffarian D. Unprocessed red and processed meats and risk of
coronary artery disease and type 2 diabetes—an updated review of the evidence. Curr
Atheroscler Rep 2012;14:515–24.

80
9. Maki KC, Van Elswyk ME, Alexander DD, Rains TM, Sohn EL, McNeill S. A meta-analysis
of randomized controlled trials that compare the lipid effects of beef versus poultry
and/or fish consumption. J Clin Lipidol 2012;6:352–61.
10. Dietary Guidelines Advisory Committee. 2015 Dietary Guidelines Advisory Committee
Nutrition Evidence Library methodology. USDA [cited 2016 Oct 1]. Available from:
http://www.nel.gov/topic.cfm?cat=3381%202016. (accessed 20 September 2016).
11. Moher D, Liberati A, Tetzlaff J, Altman DG.; PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg 2010;8:336–41.
12. USDA, US Department of Health and Human Services. 2015-2020 Dietary guidelines for
Americans. 8th ed. Washington (DC): US Government Printing Office; 2015.
13. World Cancer Research Fund; American Institute for Cancer Research. Food, nutrition,
physical activity, and the prevention of cancer: a global perspective. Washington (DC):
American Institute for Cancer Research; 2007.
14. American Heart Association. Meat, poultry and fish. Version current 2016 [cited 2016 Jul 7].
Available from:
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/MeatPoultry-and-Fish_UCM_306002_Article.jsp#.V37iHmNMLww.
15. Rugge B, Balshem H, Sehgal R, Relevo R, Gorman P, Helfand M. Screening and treatment
of subclinical hypothyroidism or hyperthyroidism. Rockville (MD): Agency for
Healthcare Research and Quality; 2011. Report No.: 11(12)-EHC033-EF.
16. Cermak NM, Res PT, de Groot LC, Saris WH, van Loon LJ. Protein supplementation
augments the adaptive response of skeletal muscle to resistance-type exercise training: a
meta-analysis. Am J Clin Nutr 2012;96:1454–64.
17. Higgins JPT, Green S., editors. Cochrane handbook for systematic reviews of interventions.
Version 5.1.0. Chapter 8: Assessing risk of bias in included studies [updated March
2011]. The Cochrane Collaboration; 2011. [cited 2016 Sep 20]. Available from:
www.cochrane-handbook.org.
18. DeCoster J. Meta-analysis notes. Tuscaloosa (AL): University of Alabama,
Department of Psycology; 2004.

81
19. Higgins JPT, Green S., editors. Cochrane handbook for systematic reviews of interventions.
Version 5.1.0. Chapter 16.4.5: Methods for incorporating cross-over trials into a metaanalysis [updated March 2011]. The Cochrane Collaboration; 2011. [cited 2016 Sep 20].
Available from:
http://handbook.cochrane.org/chapter_16/16_4_5_methods_for_incorporating_cross_ove
r_trials_into_a.htm.
20. Higgins JPT, Green S., editors. Cochrane handbook for systematic reviews of interventions.
Version 5.1.0. Chapter 16.4.6.1: Mean differences [updated March 2011]. The Cochrane
Collaboration; 2011. [cited 2016 Sep 20]. Available from:
http://handbook.cochrane.org/chapter_16/16_4_6_1_mean_differences_a.htm.
21. Bland JM, Altman DG. Best (but oft forgotten) practices: testing for treatment effects in
randomized trials by separate analyses of changes from baseline in each group is a
misleading approach. Am J Clin Nutr 2015;102:991–4.
22. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retrospective studies of
disease. J Natl Cancer Inst 1959;22:719–48.
23. Wycherley TP, Moran LJ, Clifton PM, Noakes M, Brinkworth GD. Effects of energyrestricted high-protein, low-fat compared with standard-protein, low-fat diets: a metaanalysis of randomized controlled trials. Am J Clin Nutr 2012;96:1281–98.
24. Grieger JA, Miller MD, Cobiac L. Investigation of the effects of a high fish diet on
inflammatory cytokines, blood pressure, and lipids in healthy older Australians. Food
Nutr Res 2014;58:20369.
25. Aadland EK, Lavigne C, Graff IE, Eng O, Paquette M, Holthe A, Mellgren G, Jacques H,
Liaset B. Lean-seafood intake reduces cardiovascular lipid risk factors in healthy
subjects: results from a randomized controlled trial with a crossover design. Am J Clin
Nutr 2015;102:582–92.
26. Nowson CA, Wattanapenpaiboon N, Pachett A. Low-sodium Dietary Approaches to Stop
Hypertension-type diet including lean red meat lowers blood pressure in postmenopausal
women. Nutr Res 2009;29:8–18.
27. Liao FH, Shieh MJ, Yang SC, Lin SH, Chien YW. Effectiveness of a soy-based compared
with a traditional low-calorie diet on weight loss and lipid levels in overweight adults.
Nutrition 2007;23:551–6.

82
28. Sayer RD, Wright AJ, Chen N, Campbell WW. Dietary Approaches to Stop Hypertension
diet retains effectiveness to reduce blood pressure when lean pork is substituted for
chicken and fish as the predominant source of protein. Am J Clin Nutr 2015;102:302–8.
29. Mahon AK, Flynn MG, Stewart LK, McFarlin BK, Iglay HB, Mattes RD, Lyle RM,
Considine RV, Campbell WW. Protein intake during energy restriction: effects on body
composition and markers of metabolic and cardiovascular health in postmenopausal
women. J Am Coll Nutr 2007;26:182–9.
30. Flynn MA, Heine B, Nolph GB, Naumann HD, Parisi E, Ball D, Krause G, Ellersieck M,
Ward SS. Serum lipids in humans fed diets containing beef or fish and poultry. Am J Clin
Nutr 1981;34:2734–41.
31. Flynn MA, Naumann HD, Nolph GB, Krause G, Ellersieck M. Dietary “meats” and serum
lipids. Am J Clin Nutr 1982;35:935–42.
32. de Mello VD, Zelmanovitz T, Perassolo MS, Azevedo MJ, Gross JL. Withdrawal of red meat
from the usual diet reduces albuminuria and improves serum fatty acid profile in type 2
diabetes patients with macroalbuminuria. Am J Clin Nutr 2006;83:1032–8.
33. Ashton E, Ball M. Effects of soy as tofu vs meat on lipoprotein concentrations. Eur J Clin
Nutr 2000;54:14–9.
34. Davidson MH, Hunninghake D, Maki KC, Kwiterovich PO Jr, Kafonek S. Comparison of the
effects of lean red meat vs lean white meat on serum lipid levels among free-living
persons with hypercholesterolemia: a long-term, randomized clinical trial. Arch Intern
Med 1999;159:1331–8.
35. Wolmarans P, Laubscher JA, van der Merwe S, Kriek JA, Lombard CJ, Marais M, Vorster
HH, Tichelaar HY, Dhansay MA, Benade AJ. Effects of a prudent diet containing either
lean beef and mutton or fish and skinless chicken on the plasma lipoproteins and fatty
acid composition of triacylglycerol and cholesteryl ester of hypercholesterolemic
subjects. J Nutr Biochem 1999;10:598–608.
36. O’Brien BC, Reiser R. Human plasma lipid responses to red meat, poultry, fish, and eggs.
Am J Clin Nutr 1980;33:2573–80.
37. Foerster J, Maskarinec G, Reichardt N, Tett A, Narbad A, Blaut M, Boeing H. The influence
of whole grain products and red meat on intestinal microbiota composition in normal
weight adults: a randomized crossover intervention trial. PLoS One 2014;9:e109606.

83
38. Hodgson JM, Burke V, Beilin LJ, Puddey IB. Partial substitution of carbohydrate intake with
protein intake from lean red meat lowers blood pressure in hypertensive persons. Am J
Clin Nutr 2006;83:780–7.
39. Gascon A, Jacques H, Moorjani S, Deshaies Y, Brun LD, Julien P. Plasma lipoprotein profile
and lipolytic activities in response to the substitution of lean white fish for other animal
protein sources in premenopausal women. Am J Clin Nutr 1996;63:315–21.
40. Wolmarans P, Benade AJ, Kotze TJ, Daubitzer AK, Marais MP, Laubscher R. Plasma
lipoprotein response to substituting fish for red meat in the diet. Am J Clin Nutr
1991;53:1171–6.
41. Haub MD, Wells AM, Campbell WW. Beef and soy-based food supplements differentially
affect serum lipoprotein-lipid profiles because of changes in carbohydrate intake and
novel nutrient intake ratios in older men who resistive-train. Metabolism 2005;54:769–
74.
42. Beauchesne-Rondeau E, Gascon A, Bergeron J, Jacques H. Plasma lipids and lipoproteins in
hypercholesterolemic men fed a lipid-lowering diet containing lean beef, lean fish, or
poultry. Am J Clin Nutr 2003;77:587–93.
43. Sinclair AJ, O’Dea K, Dunstan G, Ireland PD, Niall M. Effects on plasma lipids and fatty
acid composition of very low fat diets enriched with fish or kangaroo meat. Lipids
1987;22:523–9.
44. Wiebe SL, Bruce VM, McDonald BE. A comparison of the effect of diets containing beef
protein and plant proteins on blood lipids of healthy young men. Am J Clin Nutr
1984;40:982–9.
45. Prescott SL, Jenner DA, Beilin LJ, Margetts BM, Vandongen R. A randomized controlled
trial of the effect on blood pressure of dietary non-meat protein versus meat protein in
normotensive omnivores. Clin Sci (Lond) 1988;74:665–72.
46. Navas-Carretero S, Pérez-Granados AM, Schoppen S, Vaquero MP. An oily fish diet
increases insulin sensitivity compared to a red meat diet in young iron-deficient women.
Br J Nutr 2009;102:546–53.
47. Horrocks LA, Yeo YK. Docosahexaenoic acid-enriched foods: production and effects on
blood lipids. Lipids 1999;34(Suppl):S313

84
48. Kris-Etherton PM, Harris WS, Appel LJ. Fish consumption, fish oil, omega-3 fatty acids, and
cardiovascular disease. Circulation 2002;106:2747–57.
49. Daniel CR, Cross AJ, Koebnick C, Sinha R. Trends in meat consumption in the USA. Public
Health Nutr 2011;14:575–83.
50. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray GA, Vogt
TM, Cutler JA, Windhauser MM, et al. A clinical trial of the effects of dietary patterns on
blood pressure. N Engl J Med 1997;336:1117–24.
51. Appel LJ, Sacks FM, Carey VJ, Obarzanek E, Swain JF, Miller ER III, Conlin PR, Erlinger
TP, Rosner BA, Laranjo NM, et al. Effects of protein, monounsaturated fat, and
carbohydrate intake on blood pressure and serum lipids: results of the OmniHeart
randomized trial. JAMA 2005;294:2455–64.
52. Rees K, Hartley L, Flowers N, Clarke A, Hooper L, Thorogood M, Stranges S.
‘Mediterranean’ dietary pattern for the primary prevention of cardiovascular disease.
Cochrane Database Syst Rev 2013(8):CD009825.
53. Sacks FM, Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Bray GA, Vogt
TM, Cutler JA, Windhauser MM, et al. A dietary approach to prevent hypertension: a
review of the Dietary Approaches to Stop Hypertension (DASH) Study. Clin Cardiol
1999;22(7 Suppl):III6–10.
54. Buckland G, Agudo A, Travier N, Huerta JM, Cirera L, Tormo MJ, Navarro C, Chirlaque
MD, Moreno-Iribas C, Ardanaz E, et al. Adherence to the Mediterranean diet reduces
mortality in the Spanish cohort of the European Prospective Investigation into Cancer and
Nutrition (EPIC-Spain). Br J Nutr 2011;106:1581–91.
55. Martínez-González MA, Garcia-Lopez M, Bes-Rastrollo M, Toledo E, Martinez-Lapiscina
EH, Delgado-Rodriguez M, Vazquez Z, Benito S, Beunza JJ. Mediterranean diet and the
incidence of cardiovascular disease: a Spanish cohort. Nutr Metab Cardiovasc Dis
2011;21:237–44.
56. Núñez-Córdoba JM, Valencia-Serrano F, Toledo E, Alonso A, Martinez-Gonzalez MA. The
Mediterranean diet and incidence of hypertension: the Seguimiento Universidad de
Navarra (SUN) Study. Am J Epidemiol 2009;169:339–46.

85
57. Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status: an
updated meta-analysis and a proposal for a literature-based adherence score. Public
Health Nutr 2014;17:2769–82.
58. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, Gomez-Gracia E, RuizGutierrez V, Fiol M, Lapetra J, et al. Primary prevention of cardiovascular disease with a
Mediterranean diet. N Engl J Med 2013;368:1279–90.
59. US Department of Agriculture and Department of Health and Human Services. Scientific
report of the 2015 Dietary Guidelines Advisory Committee. February 2015. [cited 2016
May 28]. Available from: https://health.gov/dietaryguidelines/2015-scientificreport/PDFs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf.
60. Karanja NM, Obarzanek E, Lin PH, McCullough ML, Phillips KM, Swain JF, Champagne
CM, Hoben KP. Descriptive characteristics of the dietary patterns used in the Dietary
Approaches to Stop Hypertension Trial. DASH Collaborative Research Group. J Am Diet
Assoc 1999;99(8 Suppl):S19–27.
61. Roussell MA, Hill AM, Gaugler TL, West SG, Ulbrecht JS, Vanden Heuvel JP, Gillies PJ,
Kris-Etherton PM. Effects of a DASH-like diet containing lean beef on vascular health. J
Hum Hypertens 2014;28:600–5.
62. Roussell MA, Hill AM, Gaugler TL, West SG, Vanden Heuvel JP, Alaupovic P, Gillies PJ,
Kris-Etherton PM. Beef in an optimal lean diet study: effects on lipids, lipoproteins, and
apolipoproteins. Am J Clin Nutr 2012;95:9–16.
63. USDA, US Department of Health and Human Services. 2010-2015 Dietary guidelines for
Americans. 7th ed. Washington (DC): US Government Printing Office; 2010.
64. 2015 Dietary Guidelines Advisory Committee Nutrition Evidence Library methodology.
Literature search, screen, and select studies to review. Version current 30 January 2015
[cited 2016 Jul 18]. Available from: http://www.nel.gov/topic.cfm?cat=3383.
65. Higgins JPT, Green S., editors. Cochrane handbook for systematic reviews of interventions.
Version 5.1.0. Table 5.6.a: Some advantages and disadvantages of broad versus narrow
review questions [updated March 2011]. The Cochrane Collaboration; 2011. [cited 2016
Sep 20]. Available from:
http://handbook.cochrane.org/chapter_5/table_5_6_a_some_advantages_and_disadvantag
es_of_broad_versus.htm.

86
66. Foo SY, Heller ER, Wykrzykowska J, Sullivan CJ, Manning-Tobin JJ, Moore KJ, Gerszten
RE, Rosenzweig A. Vascular effects of a low-carbohydrate high-protein diet. Proc Natl
Acad Sci USA 2009;106:15418–23.
67. Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi FE, Benbrahim-Tallaa L, Guha N,
Mattock H, Straif K.; International Agency for Research on Cancer Monograph Working
Group. Carcinogenicity of consumption of red and processed meat. Lancet Oncol
2015;16:1599–600.
68. de Carvalho AM, Cesar CL, Fisberg RM, Marchioni DM. Excessive meat consumption in
Brazil: diet quality and environmental impacts. Public Health Nutr 2013;16:1893–9.
69. Kingston-Smith AH, Edwards JE, Huws SA, Kim EJ, Abberton M. Plant-based strategies
towards minimizing ‘livestock’s long shadow’. Proc Nutr Soc 2010;69:613–20.

87

A MEDITERRANEAN-STYLE EATING PATTERN WITH
LEAN UNPROCESSED RED MEAT HAS CARDIOMETABOLIC
BENEFITS FOR OVERWEIGHT/OBESE ADULTS

3.1

Abstract

Background: A Mediterranean-Style Eating Pattern (Mediterranean Pattern) is often described as
low in total red meat. Yet, previous research shows that lean and unprocessed red meat can be
incorporated into healthy eating patterns to improve cardiometabolic disease (CMD) risk factors.
Objective: We assessed the effects of consuming different amounts of lean and unprocessed red
meat in a Mediterranean Pattern on CMD risk factors. We hypothesized that consuming a
Mediterranean Pattern would improve CMD risk factors and greater red meat intake would not
influence these improvements.
Design: In an investigator-blinded, randomized, crossover, controlled feeding trial, 41 subjects
(aged 46 ± 2 y, BMI 30.5 ± 0.6 kg/m2) were provided a Mediterranean Pattern for two 5-wk
interventions separated by 4 weeks of self-selected eating. The Mediterranean Patterns contained
~500 g [typical U.S. intake (Med-Red)] and ~200 g [commonly recommended intake (MedControl)] of lean unprocessed beef/pork per week, respectively. Baseline and post-intervention
outcomes measured were fasting serum lipids, lipoproteins, glucose, insulin and fasting and
ambulatory blood pressures. Presented data are adjusted for age, body mass, and sex with TukeyKramer corrected p values (p<0.05).
Results: Total cholesterol decreased but greater reductions occurred with Med-Red compared to
Med-Control [-0.4 ± 0.1 and -0.2 ± 0.1 mmol/L, respectively, intervention*time=0.045]. LDL
decreased with Med-Red but was unchanged with Med-Control [-0.3 ± 0.1 and -0.1 ± 0.1
mmol/L, respectively, intervention*time=0.038] while HDL concentrations decreased nondifferentially [-0.1 ± 0.0 mmol/L]. Triglycerides, total cholesterol: HDL, glucose, and insulin did
not change with either Med-Red or Med-Control. Fasting and ambulatory blood pressure
parameters improved with both Mediterranean Patterns, except during sleep, independent of red
meat intake amount.
Conclusions: Our results show that adopting a Mediterranean Pattern without reducing red meat
intake improves CMD risk factors, if the red meat consumed is lean and unprocessed.
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3.2

Introduction
The historically low chronic disease rates in Mediterranean countries are often attributed to

eating habits. In the 1960’s, a Mediterranean-style eating pattern (Mediterranean Pattern) was
first recognized in a small cohort of coastal Greek olive farmers who had the lowest rates of
cardiovascular disease compared to six other world regions (1). Their eating pattern was
predominantly plant-based, notably low in red meat, and olive oil was the main source of fat (2).
The health promoting properties of a Mediterranean Pattern, including reduced risk of
developing cardiovascular disease and type 2 diabetes, are supported by recent and larger studies
(3-6). These recent studies, including the PREDIMED (5) and SUN cohorts (7), were largely
conducted in Spaniards who have higher red meat intakes (~700-1200g per week (8)) than the
historic Greek olive farmers (~245g per week (9)). These studies are mostly observational in
nature and were not designed to directly compare the effects of red meat intake amounts on
cardiometabolic disease (CMD) risk in the context of a Mediterranean Pattern.
Conclusions about the cardiometabolic risks of consuming red meat are historically
inconsistent. The supporting literature base consists largely of observational cohort studies in
which “red meat” is often ill-defined and grouped with processed meat as one intake category
(10). This leads to inconsistent conclusions about the associations between red meat
consumption and CMD (10). More recent observational research which assesses unprocessed red
meat independent of processed meat shows weaker or no associations between unprocessed red
meat consumption and CMD (11, 12). In agreement, a compilation of randomized controlled
trial data shows that total red meat, but mostly unprocessed beef and pork, consumption has no
negative effect on cardiovascular disease risk factors (13). Yet, U.S. residents are still
encouraged to lower red meat intake (14, 15).
The foundation for the recommendation to lower red meat intake in the context of a
Mediterranean Pattern is unclear. U.S. residents typically consume less red meat (10, 16) than
reported in the large Mediterranean Pattern studies showing cardiometabolic benefits mentioned
previously (5, 7). The primary objective of this controlled feeding trial was to assess the effects
of consuming red meat in typical (~500 g per week; Med-Red (10, 16)) vs recommended (~200 g
per week; Med-Control (17, 18)) amounts as part of a Mediterranean Pattern on CMD risk
factors. We hypothesized that the amount of red meat consumed would not influence
Mediterranean Pattern-induced improvements in CMD risk factors of overweight/obese adults.
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3.3
3.3.1

Subjects and Methods
Experimental Design
This study was conducted in July 2015 to December 2016. The experimental design was

a 16-wk randomized, crossover, investigator-blinded, controlled feeding study (see Figure 1).
Subjects consumed a Mediterranean Pattern for two 5-week controlled feeding interventions
separated by at least 4 weeks of a self-selected and unrestricted eating pattern (washout). Dietary
intake, body mass and composition, and CMD risk factors (including total cholesterol (total-C),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
total-C: HDL-C, total apolipoprotein B (ApoB), triglycerides, glucose, insulin, homeostatic
model assessment of insulin resistance (HOMA-IR), C-reactive protein (CRP), fasting blood
pressure, ambulatory blood pressure, and the Framingham Heart Study 10-year cardiovascular
disease risk and vascular age) were measured at both baselines and during the last week of each
Mediterranean Pattern intervention. Randomization was completed using an online
randomization plan generator (http://www.randomization.com/). The clinical laboratory manager
(JKG), who was not involved in data collection or analysis, generated the random allocation
sequence, enrolled subjects, and randomized subjects into the study. All clinical research staff
were blinded to the allocation code until all data were collected, analyzed, and interpreted.
3.3.2

Subjects

Subjects:
U.S. residents who were overweight or obese (BMI 25-37 kg/m2), ages 30-69 years
(representing middle aged adults and adulthood life stage groups of the Dietary Reference
Intakes (19)) and who were not already following a Mediterranean Pattern (as indicated by a
score <5 on the 14-item Mediterranean Diet Assessment Tool (20)) were recruited from the
Greater Lafayette, IN area. Subject inclusion criteria were total-C <6.70 mmol/L, LDL-C <4.10
mmol/L, triglycerides <4.5 mmol/L, fasting glucose <6.1 mmol/L, systolic blood pressure <160
mm Hg, diastolic blood pressure <100 mm Hg, body weight <140 kg, no acute illness, nonsmokers, normal liver and kidney functions, and non-diabetic. Subjects were required to be
weight stable (±4.5 kg) and have consistent physical activity levels for 3 months prior to starting
the study and have stable medication use for 6 months prior to and throughout the study. A
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physician reviewed each individuals’ screening measurements to ensure that they met the study
inclusion criteria and approved them for participation.
3.3.3

Assessment of Self-selected Eating Pattern
Subjects completed the Mediterranean Diet Assessment Tool (20) before being

randomized into the study to confirm that they were not already consuming a Mediterranean
Pattern. Subjects were instructed to consume their self-selected unrestricted eating patterns
(recorded with 3-day food logs) during both baseline testing weeks and throughout the washout
period.
3.3.4

Mediterranean Pattern
All foods were prepared and provided to subjects during the two Mediterranean Pattern

interventions by the NIH supported Indiana Clinical Research Center Bionutrition Facility at
Purdue University. The red meat consumed was beef and pork tenderloins. All red meat and
poultry provided were lean (<10 g total fat, <5 g saturated fat, and <95 mg cholesterol (21)). The
meats underwent no further preservation processing beyond refrigeration or freezing (22) i.e. no
smoking, curing, salting, and/or the addition of chemical preservatives (14). While meat
processing terms vary, we use the term “unprocessed” throughout the article to be consistent
with previous literature on this topic (10). Subjects weighed-in and met with study staff weekly
to monitor weight and promote compliance, respectively. Subjects completed daily (and returned
weekly) menu check-off lists to track self-reported deviations from the provided Mediterranean
Pattern. Dietary intake and compliance were measured from three days of menu check-off lists
during the last week of each intervention.
Menus were developed using Pronutra software (Viocare, Inc. Princeton, NJ) and
followed the PREDIMED protocol (23) to achieve the desired Mediterranean Pattern. The menus
were verified using the Mediterranean Diet Assessment Tool (20). Daily macronutrient intakes
were targeted at 40% of total energy as carbohydrate, 22% protein, and 40% fat. Saturated fat
intakes were targeted at 7% of total energy, while monounsaturated fat 20% of total energy. The
main difference between Med-Red and Med-Control was the amount of red meat vs. poultry
provided. Further adjustments were required to match the energy and macronutrients of MedRed and Med-Control menus via manipulation of mainly dairy, egg, and grain consumption (see
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Table 1). Sodium, potassium, magnesium, and calcium intakes were targeted to be within ±15%
between Med-Red and Med-Control menus and were calculated using the Linear Index Model
(24). Each subject’s energy requirement was estimated using sex-specific equations published by
the Institute of Medicine (19) and menus were designed to maintain subjects’ baseline 1 body
mass. Subjects were given the option to consume 150 ml of self-selected dry red wine daily.
3.3.5

Body Mass and Composition
Body mass and composition (% body fat and fat-free mass) were measured during

baseline and the last week of each intervention via the BOD POD Gold Standard Body
Composition Tracking System (COSMED USA, Inc., Concord, CA).
3.3.6

Cardiometabolic Disease Risk Factors
Cardiometabolic disease risk factors were measured for all subjects (n=41) during

baseline testing and the last week of each intervention. Fasting blood samples were collected
from an antecubital vein into serum separator tubes and centrifuged for 15 minutes at 4400 rpm
and 4ºC. Fresh serum was then shipped to Mid America Clinical Laboratories (Indianapolis, IN)
to determine total-C, HDL-C, triglycerides, and glucose concentrations via enzymatic
colorimetry using oxidase methods on a COBAS Integra 400 Plus Analyzer (Roche Diagnostics
Ltd.). LDL-C was calculated using the following equation: LDL-C= total-C – [HDL-C +
(triglycerides ÷ 5)]. The remaining serum was aliquoted and stored at -80ºC and thawed for
analyses of insulin, total ApoB, and CRP concentrations after all subjects completed both
interventions. Fasting serum ApoB and CRP were measured via enzymatic colorimetry via
oxidase methods on a COBAS Integra 400 Plus analyzer (Roche Diagnostics Ltd.). Fasting
serum insulin was measured via an electrochemiluminescence immunoassay on COBAS e411
analyzer (Roche Diagnostics Ltd.).
Ambulatory and fasting blood pressures were measured during both baselines and the last
week of each intervention. Subjects wore an ambulatory blood pressure monitor for 48 hours
(Oscar2, Suntech Medical, Inc.). Blood pressure measurements were taken at 30 minute intervals
during the day (0800-2100) and 90 minute intervals during the night (2230-0730). Data were
excluded from the analysis if >20% of scheduled measurements were invalid. Fasting blood
pressures were measured in a quiet dimly lit room. Measurements were taken after subjects sat
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upright for 15 minutes of rest (HEM-780, Omron Healthcare, Inc.). Two measurements were
recorded (a third if the values differed by ≥3 mm Hg) and were averaged.
3.3.7

Cardiovascular Disease Risk Prediction
Predictions of long-term cardiovascular disease risk and vascular age were calculated

using the Framingham Heart Study 10-year cardiovascular disease risk lipid equation (25).
3.3.8

Ethics
The study protocol and all study documents were approved by the Purdue University

Biomedical Institutional Review Board (protocol #1501015662). All subjects provided written
informed consent and received a monetary stipend. This study was registered at clinicaltrials.gov
(NCT02573129).
3.3.9

Statistics
Power calculations (G*Power version 3.1.9.2, Heinrich-Heine-Universität Düsseldorf,

Germany) indicated that 40 subjects would provide >95% power to detect changes in fasting
serum total-C and fasting systolic blood pressure as achieved in a similar randomized crossover
trial assessing the effects of consuming lean unprocessed pork vs. chicken/fish in a Dietary
Approaches to Stop Hypertension (DASH) Pattern (26). We hypothesized that the inclusion of
unprocessed red meat in a Mediterranean Pattern would not influence changes in these variables.
Power calculation indicated that 40 subjects would provide >85% power to detect a differential
response between Med-Red and Med-Control that was equal to half of the standard deviation of
the response (effect size = 0.5).
All data were entered independently by two members of the clinical research staff (LEO
and SLB) and crosschecked for accuracy by the study manager (LEO). Data from 41 subjects
who completed both interventions were analyzed via a doubly repeated measures ANOVA using
the PROC MIXED command in SAS version 9.4 (SAS Institute, NC, USA). This analysis
measured 1) main effects of time (baseline compared to post measurements; one-tailed), 2)
interaction of time and intervention; Med-Red changes compared to Med-Control changes; twotailed), 3) changes over time within Med-Red and Med-Control (intervention-specific effect
indicated by intervention*time p value <0.05; one-tailed), 4) comparison of Med-Red and MedControl post measurements (intervention*time sliced by time; two-tailed), 5) comparison of
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Med-Red and Med-Control pre measurements (intervention*time sliced by time; two-tailed), and
6) comparisons of baseline 1 and baseline 2 measurements (trial*time interaction sliced by time;
two-tailed) to determine if subjects’ baseline 1 health status was reestablished at baseline 2.
These analyses were repeated with habitual baseline alcohol drink-equivalents per day and
intervention drink-equivalents per day as a covariate. The PROC MIXED command in SAS uses
maximum likelihood to account for missing data in dependent variables (27). The number of
observations available at each time point for all outcome variables are listed in the online
supplementary material. All cardiometabolic outcomes of interest were controlled for age, sex,
and body mass at each time point and body mass and composition were controlled for age and
sex. Data are presented as adjusted least squares (LS) mean and SEM and p values are TukeyKramer adjusted for multiple comparisons (p<0.05).
WWC has full access to all the data from this study and takes responsibility for its integrity
and analysis. Summaries of adjusted and unadjusted means, SEM or SD, and n of each outcome
is available in the online supplementary material. Primary de-identified data, analytical methods,
and study materials are available upon request.

3.4
3.4.1

Results
Subjects
Fifty individuals were randomized into the study but 18% dropped out during week 1 of

the first intervention. Forty-one subjects (28 females and 13 males) completed both interventions
(see Figure 2). Baseline 1 values of mean age, BMI, fasting systolic and diastolic blood pressure,
and fasting serum total-C, LDL-C, HDL-C, triglycerides, glucose, and insulin concentrations are
shown in Table 2.
3.4.2

Dietary Intakes
Subjects were not following a Mediterranean Pattern at the start of the study indicated by

a mean score of 4 ± 0 on the 14-item Mediterranean Diet Assessment tool (20). Self-reported
dietary intake results from 3-day food logs did not differ between baseline 1 and 2 supporting
that subjects resumed their self-selected unrestricted eating patterns during the washout.
Mediterranean Diet Assessment Tool scores (20) increased ≥200% as indicated by scores of 12
and 13 for Med-Red and Med-Control menus, respectively. Med-Red received one point less
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than Med-Control for the preferential use of red meat over poultry. Med-Red and Med-Control
menus had comparable daily energy contents and intervention-specific macronutrient
distributions were within ±1% (see Table 1). Daily or weekly servings of the U.S. Dietary
Guidelines for Americans designated food groups are shown in Table 1 for a representative MedRed and Med-Control 7-day menu cycle. Mean self-reported compliance to the provided MedRed and Med-Control menus were both ≥95%. Eleven subjects during Med-Red and 14 subjects
during Med-Control consumed less than one 150 ml serving of wine per week and were
classified as non-wine drinkers. Among wine drinkers, 90 ± 3 ml of wine was consumed per day,
on average, in Med-Red (n=15) and Med-Control (n=12).
3.4.3

Body Mass and Composition
Med-Red decreased body mass more than Med-Control (-1.6 ± 0.5 vs -1.0 ± 0.5 kg for

Med-Red vs Med-Control, respectively, intervention*time=0.023). Body fat percentage did not
change with Med-Red or Med-Control.
3.4.4

Cardiometabolic Disease Risk Factors
Chronologically, measurements of CMD risk factors at baseline 1 and baseline 2 did not

differ. Med-Red decreased total-C 3% more than Med-Control. LDL-C and ApoB decreased by
8% and 6%, respectively, with Med-Red but did not change with Med-Control (see Figure 3).
Total-C: HDL-C, triglycerides, CRP, glucose, insulin, or HOMA-IR score did not change with
Med-Red or Med-Control. Fasting and ambulatory blood pressure parameters improved with
both Mediterranean Patterns, except during sleep, independent of red meat intake amount (see
Figure 4). There were no differences between post values of Med-Red and Med-Control for any
CMD risk factors. Our results showed no difference between males and females in
Mediterranean Pattern-induced cardiometabolic changes, independent of red meat intake amount.
When considering baseline and intervention drink-equivalents as a covariate, there were still
greater reductions in total-C with Med-Red, reductions in LDL-C with Med-Red and no changes
with Med-Control, but the overall time effect and intervention-specific effects on ApoB
diminished. Unadjusted means and SDs for all CMD risk factors are available in the online
supplementary material.
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3.4.5

Cardiovascular Disease Risk Prediction
Framingham Heart Study 10-year cardiovascular disease risk decreased by 1% and

vascular age increased by 2-3 years with a Mediterranean Pattern, independent of red meat intake
amount.

3.5

Discussion
Simultaneously adopting a Mediterranean Pattern while reducing red meat intake is now

recommended by the 2015-2020 Dietary Guidelines for Americans to decrease CMD risk (14).
Our results show that U.S. residents do not need to reduce their red meat intake when adopting a
Mediterranean Pattern if they are consuming typical amounts that are lean and unprocessed.
These results support previous research which shows that lean unprocessed red meat
consumption (such as ~120g pork (26), up to 153g beef (28-30) or ~86 g of lean beef/veal/lamb
(31) per day) does not hinder the effectiveness of a DASH Pattern to improve CMD risk factors.
Our results also suggest that daily lean unprocessed red meat may promote reductions in
atherosclerotic-promoting blood lipids and lipoproteins in the context of a Mediterranean Pattern.
Consistent with the Med-Red improvements in LDL-C and ApoB concentrations, the Beef in an
Optimal Lean Diet (BOLD) study showed that a DASH Pattern containing 153g of lean
unprocessed beef per day (BOLD+) reduced ApoB concentrations compared to a “Healthy
American Diet” control pattern containing 20g per day (29). However, these eating patterns
differed in macronutrient content and did not consider pork intake. Our study was a direct
comparison of total red meat (beef and pork) vs poultry intake in a heart healthy eating pattern
with similar macronutrient distributions (±1%). Both of these studies suggest that higher intake
of lean unprocessed red meat may enhance the effectiveness of a heart healthy eating pattern to
reduce atherosclerotic-promoting lipoproteins.
The American Heart Association and American College of Cardiology declare inconsistent
effects of consuming a Mediterranean Pattern on blood lipid and lipoprotein concentrations (32).
The randomized controlled trials referenced by these societies are largely dietary counselingbased with inadequate control groups (33-35). Our study provided a novel opportunity to assess
the effects of a Mediterranean Pattern in a tightly controlled crossover trial. Adopting a
Mediterranean Pattern improved overall CMD risk factor profiles. Reductions in LDL-C and
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ApoB concentrations were largely attributable to Med-Red because there were no changes in
these outcomes with Med-Control. Our results indicate that variations in Med Pattern
compositions (36) such as meat source may help explain the inconsistent effects described by the
American Heart Association and the American College of Cardiology (32). Further, meat source
in our study did not affect Med Pattern-induced improvements in predictions of long-term
cardiovascular disease risk (Framingham Heart Study 10-year cardiovascular disease risk and
vascular age). These results align with evidence that a Med Pattern decreases the risk of coronary
heart disease, stroke, and total mortality (37) but changes in atherosclerotic-promoting lipid and
lipoprotein concentrations may not be the mechanism (38, 39).
This study was not designed to identify mechanisms by which lean unprocessed red meat
consumption might differentially affect atherosclerotic-promoting lipids and lipoprotein
concentrations. Therefore, we are unable to rule out the effects of body weight on differential
changes in atherosclerotic-promoting lipids and lipoproteins. The 0.6 kg difference in body
weight changes are most likely because Med-Red baseline body weight was 0.7 kg higher than
Med-Control, although not statistically different. There were no differential changes in absolute
or relative fat or fat-free mass. We controlled for body weight at each time point in our statistical
model and body weight was not a significant covariate for total-C (p=0.321), LDL-C (0.125), but
was for ApoB (p=0.0350). The combination of the small magnitude of difference between MedRed and Med-Control body mass changes (clinical relevancy of 0.6 kg difference) and the
insignificance in our statistical model (statistical relevancy) suggests that the differential effects
in total-C, LDL-C, and ApoB are not solely due to differences in body weight. If differences in
body weight were the mechanism to explain differential responses in total-C, LDL-C, and ApoB,
then our results would suggest that a Mediterranean-style eating pattern is not effective to
improve these outcomes unless in the presence of >1kg weight loss.
Meta-analyses of prospective cohort studies show that each 100 g serving of unprocessed
red meat per day increases the risk of developing type 2 diabetes by 19% (11, 40) but there is a
paucity of experimental evidence to support this. Our Mediterranean Pattern study and the
weight maintenance DASH Pattern studies previously mentioned (26, 29) showed no effect of
these eating patterns on fasting glucose, insulin, or HOMA-IR, independent of red meat intake.
One study compared the effects of energy-restricted DASH Patterns substituting plant protein
with beef (12, 139, or 196 g of lean unprocessed beef) combined with exercise on metabolic
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syndrome outcomes. The researchers concluded that weight loss was the primary modifier of
metabolic improvements, independent of protein source (30). Med and DASH Patterns are
typically not effective at improving metabolic markers in the absence of weight loss or exercise
(41-44). Therefore these eating patterns, particularly short-term, are not well-suited to assess the
effects of red meat intake on glycemic control. Future randomized controlled trials are warranted
to assess the effects of lean unprocessed red meat consumption on type 2 diabetes risk factors,
including HbA1c and glucose challenges, in eating patterns known to improve these outcomes.
There are different ways of quantifying the effectiveness of a nutrition intervention on
CMD outcomes. Most commonly researchers compare changes between groups or the
differences between groups at the end of each intervention. In our study, 40 subjects provided
>95% power to detect changes in fasting serum total-C and systolic blood pressure and >85%
power to detect a differential response between Med-Red and Med-Control. It is noteworthy that
the post values did not differ between Med-Red and Med-Control for any CMD risk factor
measured, including those that showed differential responses (total-C, LDL-C, and ApoB).
While the change values support that lean unprocessed red meat consumption reduced
atherosclerotic-promoting lipids and lipoproteins concentrations compared to poultry, the end of
intervention values show that meat source did not influence Mediterranean Pattern-induced
cardiometabolic responses. These results align with previous studies mentioned which showed
no post-intervention differences in CMD risk factors between traditional DASH Patterns and
DASH Patterns with higher red meat intake and similar macronutrient distributions (26, 28, 29).
Our randomized controlled trial is strengthened by a low drop-out rate (<18%) and a
successful washout period (baseline 1 measures were reestablished at baseline 2) but is not
without limitations. The study was not designed to identify mechanisms by which lean
unprocessed red meat consumption might differentially affect atherosclerotic-promoting lipids
and lipoprotein concentrations. The self-reported >95% menu compliance was not objectively
confirmed. Our results are not generalizable to all red meat because only beef and pork
tenderloins were consumed. We were unable to supply or encourage consumption of red wine
due to university regulations but slight differences in amount of wine-drinkers not influence the
conclusions. Although unintentional, 98% of our sample population was Caucasian. Future
research is needed to assess whether race and/or ethnicity influences responses.
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The 2000 kcal Mediterranean Pattern proposed by the Dietary Guidelines Advisory
Committee (DGAC) contains ~300g per week of red meat (45). The supporting literature base is
largely prospective cohort studies that assess associations between red meat consumption and
chronic disease in the context of a Western-style eating pattern (40, 46-48). Unhealthy lifestyle
behaviors are correlated with red meat intake in this population which confounds the positive
associations between red meat and chronic disease risk (49). The Mediterranean Pattern studies
identified by the DGAC show low chronic disease risk with red and processed meat consumption
up to ~1200g per week for a 2000kcal diet (8). Our results as well as the Mediterranean Pattern
studies identified in the report do not support the recommendation to lower red meat intake in the
context of a Mediterranean Pattern. Further, the DGAC did not assess the health effects of
unprocessed red meat independent of processed meats (which can also include red meat and
poultry). There is building evidence that unprocessed red meat consumption has little to no
influence on cardiometabolic disease risk compared to processed meats (11, 12). Future DGACs
need to reconsider not only the amount of red meat included in a Mediterranean Pattern but also
be cognizant of leanness and degree of meat processing in future recommendations.
In conclusion, U.S. residents can consume typical quantities of red meat (~70g per day), in
lean and unprocessed forms, when adopting a Mediterranean Pattern to improve cardiometabolic
disease risk factors. Our results support previous observational and experimental evidence which
shows that unprocessed and/or lean red meat consumption does not increase the risk of
developing cardiovascular disease (11) or impair the associated risk factors (13).
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Table 3.1 Macronutrient Composition and Food Group Servings in Med-Red and Med-Control

Energy (kcal)

Med-Red
Med-Control
Mean macronutrient distribution of 7-day menu cycles1
2595 ± 66
2567 ± 63†

Protein (%en)

18 ± 0

19 ± 1†

Carbohydrate (%en)

42 ± 1

42 ± 2

Fat (%en)

40 ± 1

40 ± 1

Monounsaturated fat (%en)

22 ± 1

21 ± 1†

Polyunsaturated fat (%en)

8±0

9 ± 1†

Saturated fat (%en)

7±0

8 ± 0†

7-day food group servings for the median energy intake level2
Fruits per day (servings3)
4

4

Vegetables per day (servings4)

7

8

Dark green vegetables

1

2

Red and orange vegetables

1

1

Legumes

1

1

Starchy vegetables

1

1

Other vegetables

3

3

4

5

Whole grains

4

4

Refined grains

0

1

Red meat

476

196

Poultry

112

420

Seafood

336

336

2

3

560

616

3

2

5

Grains per day (servings )

6

Protein-rich foods per week (g )

Whole eggs
7

Nuts, seed, soy
8

Dairy per day (servings )

Olive oil per week (g9)
247
247
14-point Mediterranean Diet Assessment Tool
Score (20)
12
13
1
Macronutrient data are presented as unadjusted mean ± SEM, n=41.
2
Food group servings presented for representative 2492 kcal Med-Red and Med-Control 7-day menu cycles
3
½ cup or 1 medium fresh fruit
4
½ cup fresh or 1 cup leafy
5
28 g= ½ cup or 1 oz
6
28 g= 1 oz; cooked weights
7
28 g=1 tbsp. nut butter or 1/2 oz nuts/seeds or ~1 oz-equivalent
8
1 cup milk or yogurt
9
4.5g= 1 tsp.
†
denotes a difference between Med-Red and Med-Control indicated by a paired t-test, p<0.05.
%en, % of total energy; Med-Control, Mediterranean-style eating pattern with ~200 g of lean unprocessed red meat;
Med-Red, Mediterranean-style eating pattern with ~500 g of lean unprocessed red meat.
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Table 3.2 Subject Characteristics at Baseline 1
Outcome

Baseline 1 mean ± SEM

Age (years)
2

46 ± 2

BMI (kg/m )

30.5 ± 0.6

Total cholesterol (mmol/L)

4.97 ± 0.13

LDL cholesterol (mmol/L)

3.08 ± 0.10

HDL cholesterol (mmol/L)

1.27 ± 0.05

Triglycerides (mmol/L)

1.3 ± 0.1

Glucose (mmol/L)

5.5 ± 0.1

Insulin (pmol/L)

86.1 ± 8.3

Systolic/diastolic blood pressure (mm Hg)

118 ± 2 / 80 ± 1

14-point Mediterranean Diet Assessment Tool (20)
4±0
There were no differences between baseline 1 and baseline 2 measurements (p>0.05). Data are presented as
unadjusted mean ± SEM, n=41. Data were analyzed using a doubly repeated-measures ANOVA adjusted for age,
sex, and body mass at each time point. Conversion factors are available at:
http://www.amamanualofstyle.com/page/si-conversion-calculator.

Figure 3.1 Dietary Intake, Body Mass and Composition, and Cardiometabolic Disease Risk
Factors were Measured During Baseline and the Last Week of Each Intervention
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Individuals contacted study
coordinator (n=261)

Assessed for eligibility (n=69)
Excluded (n=19)
• Did not meet inclusion criteria (n=9)
• Declined to participate (n=10)
Allocated to intervention (n=50)
Dropouts (n=9)
• Unable to comply to eating pattern (n=4)
• Unable to comply to study procedures (n=3)
• Unanticipated health status changes that were
unrelated to the study (n=2)
Completed both interventions and
analyzed (n=41)

Figure 3.2 Study Recruitment Flow Diagram
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Total
cholesterol

LDL
cholesterol

HDL
cholesterol

Triglycerides

0
-0.1

mmol/L

-0.2

*

-0.3
‡
-0.4

‡
†

-0.5
‡
-0.6

†
Med-Red

Med-Control

Figure 3.3 Changes in Lipids and Lipoproteins after Consuming Med-Red vs Med-Control for 5
Weeks
Data are presented as LS mean ± SEM, n=41. Data were analyzed using a doubly repeated-measures ANOVA
adjusted for age, sex, and body mass at each time point. *denotes a non-differential change over time, †denotes a
differential response between Med-Red and Med-Control when intervention*time p value <0.05, ‡denotes an
intervention-specific change over time indicated by intervention*time p<0.05. ApoB results followed a similar
pattern as LDL-C and are available in the online supplementary material. Conversion factors are available at:
http://www.amamanualofstyle.com/page/si-conversion-calculator. Med-Control, Mediterranean-style eating pattern
with ~200 g of lean unprocessed red meat; Med-Red, Mediterranean-style eating pattern with ~500 g of lean
unprocessed
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Total 24-hr

Waking1

Sleeping2

Fasting

2
0

mm Hg

-2
-4
-6
-8

*

*
*

-10
Med-Red

Med-Control

Figure 3.4 Changes in Systolic Blood Pressures from Consuming Med-Red vs Med-Control
for 5 Weeks
Data are presented as LS mean ± SEM, n for each outcome available in the online supplementary material. Data
were analyzed using a doubly repeated-measures ANOVA adjusted for age, sex, and body mass at each time
point. *denotes a change over time, 1 waking blood pressure: 0800-2100, 2sleeping blood pressure: 2230-0730.
Diastolic blood pressure results followed similar patterns and are available in the online supplementary material.
Med-Control, Mediterranean-style eating pattern with ~200 g of lean unprocessed red meat; Med-Red,
Mediterranean-style eating pattern with ~500 g of lean unprocessed red meat.
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A MEDITERRANEAN-STYLE EATING PATTERN
WITH LEAN UNPROCESSED RED MEAT MAY MODESTLY
IMPROVE INDEXES OF PERSONAL WELL-BEING IN
OVERWEIGHT/OBESE ADULTS

4.1

Abstract

Background: Observational research suggests that healthy eating patterns, such as a
Mediterranean-style, which contain red meat are associated with improved indexes of personal
well-being.
Objective: We conducted a randomized controlled trial to assess the effects of consuming a
Mediterranean Pattern with different amounts of red meat on indexes of personal well-being (i.e.
perceived quality of life, daily mood states, and measures of sleep) in overweight/obese adults.
We hypothesized that consuming a Mediterranean Pattern would improve these outcomes,
independent of red meat intake amount.
Methods: Forty-one participants (aged 46 ± 2 y, BMI 30.5 ± 0.6 kg/m2, females=28, males=13)
were provided a Mediterranean Pattern for two 5-wk periods separated by 4 weeks of selfselected eating. The Mediterranean Patterns contained ~500 g/wk [typical U.S. intake (MedRed)] vs ~200 g/wk [commonly recommended intake in heart healthy eating patterns (MedControl)] of lean unprocessed beef/pork. Baseline and post-intervention outcomes measured
were perceived quality of life (QOL) via MOS SF-36v2, daily mood states via Profile of Mood
States (POMS), subjective sleep scores via Pittsburgh Sleep Quality Index (PSQI), and nighttime
sleep via actigraphy. Data were analyzed via a doubly repeated measures ANOVA adjusted for
age, sex, and body mass at each time point.
Results: Domains of physical health, mental health, total mood disturbances, sleep perceptions,
and nighttime actigraphy did not change with the adoption of a Mediterranean Pattern,
independent of red meat intake. The subdomains of role limitations due to physical health (SF36v2), vitality (SF-36v2), and fatigue (POMS) improved up to 6% with Med-Red but not MedControl.
Conclusions: Adopting a Mediterranean Pattern was not an effective short-term strategy to
meaningfully improve indexes of personal well-being. Recommendations to reduce lean
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unprocessed red meat consumption may inhibit potential modest increases in perceived energy
level to accomplish necessary daily tasks.
This study is registered at clinicaltrials.gov as NCT02573129.

4.2

Introduction
Comprehensive literature assessments show that unprocessed red meat consumption is

neutral to cardiovascular disease development [1-3] and associated risk factors [4, 5]. Evidence
supports that lean unprocessed red meat can be consumed in a healthy eating pattern, such as a
Dietary Approaches to Stop Hypertension or a Mediterranean-style (Mediterranean Pattern), to
improve cardiovascular disease risk factor profiles [6-9]. Yet, it is still commonly recommended
to adopt a healthy eating pattern that is low in red meat [10].
Observational research suggests that eating patterns characterized by fruits, vegetables,
red meat, whole grains, and fish (i.e. a Mediterranean Pattern) are associated with lower anxiety,
depression, and mental illness in women [11] and improved quality of life in men and women
[12, 13]. A systematic review of randomized controlled trials supports that dietary interventions
which recommended lower red meat consumption were no more effective to improve depression
and anxiety than control dietary interventions [14]. These trials were mostly counseling based
which emphasizes the need for tightly controlled experimental trials to assess the effects of red
meat consumption in the context of healthy eating patterns on indexes of personal well-being.
We previously reported that consuming a Mediterranean Pattern with ~500 g/wk of lean
unprocessed red meat improves cardiovascular disease risk factor profiles (in revisions at
AJCN). The secondary and exploratory objectives of this mentioned study were to assess the
effects of consuming a Mediterranean Pattern with typical (~500 g/wk) vs recommended (~200
g/wk) red meat intake amounts on indexes of personal well-being. We hypothesized that
consuming a Mediterranean Pattern would improve indexes of personal well-being, including
perceived quality of life, daily mood states, and sleep. We also hypothesized that the inclusion of
higher than recommended amounts of red meat, as lean unprocessed beef and pork, would not
influence Mediterranean Pattern-induced improvements in personal well-being.
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4.3
4.3.1

Materials and Methods
Ethics
The study protocol and all study documents were approved by Purdue University’s

Biomedical Institutional Review Board (IRB protocol # 1501015662). All participants provided
written informed consent and received a monetary stipend. The study was conducted July 2015December 2016 and was registered at clinicaltrials.gov as NCT02573129. WWC has access to
all study-related data and takes responsibility for its integrity and analysis. Primary de-identified
data, analytical methods, and study materials are available upon request.
4.3.2

Experimental Design

The experimental design was a 16-wk randomized, crossover, investigator-blinded, controlled
feeding study. Overweight and obese (BMI 25-37 kg/m2) men and women ages 30-69 years who
were not already following a Mediterranean Pattern, as indicated by a score <5 on the 14-item
Mediterranean Diet Assessment Tool [15], were recruited from the Greater Lafayette, IN area.
Participants were not excluded if they were previously diagnosed with a mental health disorder
as long as the condition and/or medication was stable for at least 6 month prior to and throughout
the study. Participant depression scores were calculated at baseline 1 using the Patient Health
Questionnaire-9 [16]. Participants consumed a Mediterranean Pattern for two 5-week
interventions separated by a washout period of at least 4 weeks during which the participants
resumed their self-selected unrestricted eating patterns. Personal well-being outcomes, as
described below, were measured during both baseline weeks while participants consumed their
self-selected unrestricted eating pattern and during the last week of each Mediterranean Pattern
intervention
4.3.3

Dietary Intervention
All foods were prepared and provided to participants during the controlled feeding

periods by the NIH supported Indiana Clinical Research Center Bionutrition Facility at Purdue
University. Participants completed daily menu check-off lists to record self-reported deviations
from prescribed Mediterranean Pattern menus. The Mediterranean Patterns contained either
~500g/wk (Med-Red) or ~200g/wk (Med-Control) of lean unprocessed beef/pork. Daily
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macronutrient intakes were targeted at 40% of total energy as carbohydrate, 22% protein, and
40% fat. Saturated and monounsaturated fat intakes were targeted at 7% and 22% of total energy,
respectively. The menus were designed to maintain participants’ baseline 1 body weight.
Detailed description of the Mediterranean Patterns are previously published (in revisions at
AJCN).
4.3.4

Perceived Quality of Life
Participants completed RAND Health’s Medical Outcome Study SF-36v2 questionnaire

about their perceived quality of life over the previous four weeks [17, 18]. This questionnaire
measures global physical health and global mental health. Physical health may also be assessed
using the subdomains of perceived physical function, role limitations due to physical health,
bodily pain, and general health. Mental health may also be assessed using the subdomains of
vitality, social functioning, role limitations due to emotional health, and mental health. These
composite scores are presented from 1-100% with 100% as optimal.
4.3.5

Daily Mood
Participants completed the Profile of Mood States questionnaire (POMS) [19] every

waking hour for three days. Participants were asked to rate their mood from 0=“not at all” to
5=“extremely” for 37 listed mood states. A 3-day mean composite score for each participant was
calculated for the following categories: tension, depression, anger, vigor, fatigue, confusion, and
total mood disturbances. Detailed description of scoring methods are previously published [19].
4.3.6

Indexes of Sleep
Participants completed the Pittsburgh Sleep Quality Index (PSQI) [20, 21] about the

previous four weeks of sleep. Composite scores were calculated for sleep duration, sleep
disturbance, sleep latency, daytime dysfunction, sleep efficiency, subjective sleep quality,
sleeping medication usage, and a global sleep score (GSS). A higher GSS (0-21 au) indicates
poorer sleep; an individual with a GSS ≥5 is classified as a “poor sleeper” [20]. Analyses were
performed on all participants (n=38) and a subset of those classified as poor sleepers (n=16).
Wrist-worn actigraphy (Actiwatch 2, Phillips Respironics, USA) and bed/wake times
were recorded for up to 4 weekdays/weeknights. Actigraphy measurements were taken at 30
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second intervals. The actigraphs were scored using the manufacturer’s algorithm set at medium
sensitivity with the rest intervals set manually based on 1) when the indicator button was pressed,
2) the bed and wake time recorded in their sleep log, and 3) the default set by the algorithm.
Assessed parameters included time spent in bed, time spent sleeping, sleep efficacy (% time
spent in bed sleeping), onset latency (amount of time it takes to fall asleep once in bed), and
number of minutes awake after sleep onset (WASO). Three participants’ actigraphy data were
excluded from analyses due to non-study related circadian shifts (n=2) or actiwatch malfunction
at more than one time point (n=1). We measured a total of 475 nights of actigraphy in 38
participants but 71 (15%) nights were not usable due to actiwatch malfunction or non-study
related activities which interfered with the participants’ regular sleep schedule. Analyses were
performed on all participants (n=38) and a subset of those with 3+ nights of usable data (n=15).
4.3.7

Power Calculations and Statistics
Forty participants provided >90% power to detect changes in perceived vitality on the

SF-36v2 from adopting a Mediterranean Pattern similar to that observed by Skoldstam et al [22].
While we hypothesized that the inclusion of higher amounts of red meat would not influence
changes in overall well-being, 40 participants provided >85% power to detect a differential
response between the dietary interventions that is equal to half of the standard deviation of the
response (effect size = 0.5).
All data were analyzed via a doubly repeated measures ANOVA using the PROC
MIXED command in SAS version 9.4 (SAS Institute, NC, USA). This analysis measured 1)
main effects of time (baseline compared to post measurements; one-tailed), 2) time*diet; MedRed changes compared to Med-Control changes; two-tailed), 3) changes over time within MedRed and within Med-Control (diet-specific effects; assessed when significant time or time*diet p
value<0.05; one-tailed), 4) comparison of Med-Red and Med-Control post measurements
(time*diet sliced by time; two-tailed), 5) comparison of Med-Red and Med-Control pre
measurements (time*diet sliced by time; two-tailed), and 6) comparisons of baseline 1 and
baseline 2 measurements (time*trial interaction sliced by time; two-tailed) to determine if
participants’ baseline 1 status was reestablished at baseline 2. Age, sex, and body mass at each
time point were used as covariates for all comparisons. Results are presented as least squares
(LS) means SE of the LSmean (SEM). All p values were Tukey-Kramer corrected for multiple
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comparisons within each outcome variable, as listed above; significance level set at p<0.05. The
sleep-related outcome variables were further Benjamini-Hochberg corrected to limit the familywise error rate due to the exploratory nature of this study objective [23].

4.4
4.4.1

Results
Participant Characteristics
Forty-one participants (28 females and 13 males; see Figure 1) completed both

Mediterranean Pattern interventions. At baseline, participants had poor perceived general health
and vitality but were good sleepers and slept ~7 hours per night (see Table 1), on average. At
baseline 1, 4 participants were moderately depressed, 1 participant was severely depressed while
the remaining 36 were minimally to mildly depressed, as indicated by the Patient Health
Questionnaire-9.

Table 4.1 Participant Baseline Characteristics
Variable

Baseline 1 mean ± SD

Age (years)

46 ± 2

BMI (kg/m2)

30.5 ± 0.6

Global sleep score (au)1

5.4 ± 2.7

Time spent sleeping/night (hr)2

7.1 ± 0.9

Sleep efficiency (%)2

84.4 ± 6.3

Total mood (au)3

1.3 ± 0.2

Perceived general health (%)4

71.7 ± 17.3

Perceived vitality (%)4

56.9 ± 22.2

There was no difference between baseline 1 and baseline 2 measurements for the main outcomes (p>0.05).
1
measured with the Pittsburgh Sleep Quality Index, <5 out of 21 indicates a “good sleeper”, 2measured by wristworn actigraphy, 3measured with the Profile of Moods State questionnaire, 4measured with the MOS SF-36v2.
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Individuals contacted
study coordinator (n=261)

Individuals completed
screening
(n=69)
Excluded (n=19)
Did not meet inclusion
criteria (n=9)
Declined to participate
(n=10)
Allocated to intervention
(n=50, 35 females, 15
males)

Dropouts (n=9)
Unable to comply to eating
pattern (n=4)
Unable to comply to study
procedures (n=3)
Unanticipated health status
changes that were unrelated to
the study (n=2)

Completed both
interventions
(n=41, 28 females, 13
males)

Perceived quality of
life
(n=39, 27 female, 12
male)

Daily mood data
(n=37, 26 females, 11
males)

Perceived indexes of
sleep
(n=39, 27 female, 12
male)

Figure 4.1 Study Recruitment Flow Diagram

Nighttime
actigraphy
(n=38, 26 female,
12 male)
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4.4.2

Dietary Intakes

Mediterranean Diet Assessment Tool scores increased from 4 au at baseline to 12 and 13 au
for Med-Red and Med-Control menus, respectively. Participants reported ≥95% compliance to
prescribed menus. Details of dietary intakes are reported previously (accepted at AJCN).
4.4.3

Perceived Quality of Life via SF 36v2
The physical health subdomains of role limitations due to physical health (i.e. role

physical) and vitality improved with Med-Red but not Med-Control (see Figure 3). There were
no changes in SF-36v2 scores for global physical health, global mental health, or subdomains of
physical functioning, bodily pain, general health, social functioning, role limitations due to
emotional health (i.e. role emotional), or mental health with consumption of a Mediterranean
Pattern, independent of red meat intake amount. Post-intervention values did not differ between
Med-Red and Med-Control for any SF-36v2 outcomes.
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P=0.014

P=0.220

100
90
80
P=0.015 P=0.081

70
60
50
40
30
20
10
0
Physical
Role
functioning physical

Bodily
pain

Med-Red pre mean
Med-Control pre mean

General
health

Vitality

Social
Role
functioning emotional

Mental
health

Med-Red post mean
Med-Control post mean

Figure 4.2 Changes in Indexes of Perceived Quality of Life after Consuming Med-Red vs MedControl for 5 Weeks
Results are presented as LS mean ± SEM, n=39, significance set at p<0.05. Data from MOS SF-36v2 were analyzed
using a doubly repeated-measures ANOVA adjusted for age, sex, and body mass at each time point. Med-Control,
Mediterranean-style eating pattern with ~200 g/wk of lean unprocessed red meat; Med-Red, Mediterranean-style
eating pattern with ~500 g/wk of lean unprocessed red meat.
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4.4.4

Daily Mood via POMS
Fatigue improved with Med-Red but not Med-Control (3.1 at baseline to 2.5 at post for

Med-Red and 2.6 at baseline to 2.4 at post for Med-Control out of 24 possible au; see
Supplemental Table 1). However, this result is likely regression to the mean. There were no
changes in POMS total mood disturbances, or the subdomains of tension, depression, anger,
vigor, and confusion with consumption of a Mediterranean Pattern, independent of red meat
intake amount. Post-intervention values did not differ between Med-Red and Med-Control for
any POM outcomes.
4.4.5

Indexes of Sleep
Pittsburgh Sleep Quality Index: Subjective sleep quality of all participants (n=38)

improved with adoption of a Mediterranean Pattern (1.1 au at baseline to 0.9 at post out of 3 au),
independent of red meat intake, but this result was not robust to Benjamini-Hochberg correction
for multiple comparisons. Further, this effect was diminished in the subset of “poor sleepers”
(n=16). Global sleep score, sleep duration, sleep disturbance, sleep latency, daytime dysfunction,
sleep efficiency, and sleeping medication usage did not change in all participants or the subset of
“poor sleepers” with consumption of a Mediterranean Pattern. Post-intervention values did not
differ between Med-Red and Med-Control for any PSQI outcomes (see Supplemental Table 2).
Nighttime actigraphy: Nighttime actigraphy outcomes were largely unchanged with
consumption of a Mediterranean Pattern, independent of red meat intake, for all participants
(n=38) and for the subset of those with 3+ nights of usable data (n=15) . WASO decreased with
Med-Red but not Med-Control. The number of baseline WASO minutes were higher with MedRed than Med-Control, so this is likely regression to the mean. There were trends for time spent
in bed and time spent sleeping to increase with Med-Control but not Med-Red, but these trends
were not robust to Benjamini-Hochberg correction for multiple comparisons. Post-intervention
values did not differ between Med-Red and Med-Control for any actigraphy outcomes (Table 2).
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Table 4.2 Changes in Nighttime Actigraphy After Consuming Med-Red vs Med-Control
Pre

1

Med-Red
Post2
Change

Pre

3

Med-Control
Post4
Change

Time

Time*Diet

Time in bed (min)

442 ± 10

431 ± 9

-12 ± 10

427 ± 10

447 ± 9

20 ± 10

0.307

0.006

Time sleeping (min)
Sleep efficiency (%)

401 ± 9
85 ± 1

393 ± 9
85 ± 1

-8 ± 9
0±1

388 ± 9
84 ± 1

409 ± 9
85 ± 1

21 ± 9
1±1

0.205
0.341

0.007
0.397

WASO

37 ± 2●

33 ± 2

-4 ± 1†

34 ± 2

35 ± 2

1±1

0.154

<0.001

Onset latency (min) 17 ± 2
17 ± 3
0±3
15 ± 2
16 ± 3
1±3
0.405 0.763
Results are presented as LS means ± SEM, Bonferroni significance set at p<0.002. Data were analyzed using a
doubly repeated-measures ANOVA adjusted for age, sex, and body mass at each time point. 1n=34, 2n=35, 3n=36,
4
n=37 for participants. All participants at each time point have an average of 3 nights of data. ●indicates a difference
in baseline values, †indicates a trending change over time within treatment (p=0.004), Med-Control, Mediterraneanstyle eating pattern with ~200 g/wk of lean unprocessed red meat; Med-Red, Mediterranean-style eating pattern with
~500 g/wk of lean unprocessed red meat.

4.5

Discussion
Consuming healthy eating patterns that are low in red meat is commonly recommended

to reduce cardiometabolic disease risk in the U.S. However, our previous results (in revisions at
AJCN), supported by other research [6-9, 24], showed that individuals do not need to reduce red
meat intake, specifically lean and unprocessed cuts, when adopting healthy eating patterns that
improve cardiovascular disease risk factors. It is important to consider how the recommendation
to reduce red meat intake influences indexes of personal well-being in U.S. residents given the
associations between red meat containing healthy eating patterns and high quality of life [12, 13]
and better mental health [11]. The current results show that adopting a Mediterranean Pattern,
independent of red meat intake, does not meaningfully influence indexes of well-being in the
short-term. However, reducing lean unprocessed red meat intake in the context of a
Mediterranean Pattern may inhibit potential modest increases in perceived energy level to
accomplish necessary daily tasks.
Higher Mediterranean Pattern adherence scores were previously associated with higher
quality of life, particularly vitality scores, in large prospective cohorts in Spain [12] and
Australia [25]. The vitality differences reported in these studies between the lowest and highest
Mediterranean Pattern adherence scores were modest (<10%) and the vitality level of the highest
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Mediterranean Pattern adherence quintile was poor (<70 out of 100%). The Mediterranean
Pattern scoring systems used in these studies allowed up to 150g/day of total red meat day,
double what our participants consumed with Med-Red. Our present results suggest that adoption
of a Mediterranean Pattern with typical, but not recommended (lower), amounts of red meat
modestly increases participants’ energy level (i.e. increased vitality, decreased role limitations
due to physical health, and decreased fatigue). Randomized controlled trials of longer duration
(12 weeks) showed ~11-15% improvements in vitality compared to our 6% increase in 5 weeks
with poor end-intervention vitality scores (<70%), similar to our 64% out of 100% [22, 26]. The
clinical relevancy of these modest improvements should be interpreted with caution, particularly
because vitality scores have the largest room for improvement in these studies.
The effects of adopting healthier eating patterns on mental health are ill-studied and
inconsistent. A systematic review of randomized controlled trials noted that adopting various
healthy eating patterns was effective to improve depressive symptoms in only ~50% of studies
[14]. Dietary interventions focused on reducing red meat and/or cholesterol intake were no better
at improving depressive symptoms compared to a control [14]. Our results show that adopting a
Mediterranean Pattern, independent of red meat intake amount, did not improve mental health
and depression scores in the short-term. At baseline, our participants had good mental health
(~80% out of 100% on SF36v2) with low levels of depressive mood states (<2 out of up to 32 au
on POMS). Therefore, these null results are likely attributable to there being little room for
improvement in these outcomes. The majority of studies included in the previously mentioned
systematic review [14] assessed personal well-being outcomes as secondary or exploratory
objectives in participants with good mental health, similar to our study. There is need for
investigation about how healthy eating patterns, particularly with recommendations to reduce red
meat intake, affect individuals with poor mental health (1 in 6 U.S. adults [27]).
Poor sleep quantity and quality are independently associated with an increased risk for
obesity [28], cardiometabolic disease [29, 30] and depression [31]. About 30% of U.S. residents
sleep <6 hours per night [32] and ~60% reported difficulties initiating or maintaining sleep [33].
The 2015 Dietary Guidelines Advisory Committee emphasized the need for more research about
how dietary intakes impact sleep in concert with cardiometabolic heath [34]. Observational
research shows that higher adherence to a Mediterranean Pattern was associated with fewer
indicators of poor sleep [35]. We explored this paradigm within our tightly controlled feeding
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trial in overweight/obese men and women using survey-measured and machine-measured
indexes of sleep. Due to the exploratory nature of this study objective, we did not a priori power
the sample size to detect differences in sleep-related outcomes. Post-hoc power calculations
revealed that we were >95% powered to detect a large effect size (d= -0.83) between pre and
post measurements of subjective sleep quality (PSQI). However, we were <20% powered to
detect small to medium effect sizes in global sleep scores (PQSI) or sleep efficiency
(actigraphy). Adequately powered studies are needed to investigate whether dietary interventions
such as a Mediterranean-style eating pattern can meaningfully improve indexes of sleep,
particularly in individuals with poor sleep.
This paper is a novel contribution to the literature about the effects of consuming healthy
eating patterns and red meat on personal well-being. The majority of published research on this
topic consist of observational cohort studies that assign Mediterranean Pattern scoring systems to
food frequency questionnaire data or randomized controlled trials that are dietary counselingbased. This study, although short in duration, was a tightly controlled randomized trial in which
all foods and beverages were prepared and provided to participants. This feature is strengthened
by a ≥95% self-reported dietary compliance rate and a low participant drop-out percentage
(<18%). The inclusion/exclusion criteria of this study were used to achieve the primary goal of
assessing cardiometabolic changes, as previously published (in revisions at AJCN), and did not
include measures of quality of life, mental health, or sleep quality. This resulted in a convenience
sample of participants who were, in general, good sleepers and mentally healthy at baseline
which was likely a contributor to the largely null results.
Our results support previous literature in showing that the effects of adopting healthy
eating patterns, such as a Mediterranean Pattern, on personal well-being are modest and
inconsistent. Further, reducing lean unprocessed red meat intake does not enhance, and may
possibly inhibit, improvements in indexes of personal well-being from adopting a Mediterranean
Pattern. There is need to assess how adopting healthy eating patterns, with and without
recommendations to reduce red meat intake, influence long-term changes in perceived quality of
life, daily mood states, and measures of sleep in populations with poor mental health and sleep.
Acknowledgements: We recognize Jia Li, PhD for statistical support, Jan K. Green for
clinical support, Amy J. Wright, RD Steven A. Hulsey, BS and Anne K. Wilcox, MS, RD for
dietary support, and Richard D. Sayer, PhD for grant writing contributions.
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Table 4.3 Supplemental Table: Changes in Indexes of Daily Mood States after Consuming MedRed vs Med-Control for 5 Weeks
Med-Red
Mood (possible range,
au1)
Tension (0-24)

Med-Control

Pre

Post

Change

Pre

Post

2.2 ± 0.3

1.9 ± 0.4

-0.3 ± 0.2

1.8 ± 0.3

1.6 ± 0.3

Change

P
value
Time

Time*Diet

-0.2 ±
0.112
0.720
0.2
Depression (0-32)
1.4 ± 0.3 1.3 ± 0.4 -0.1 ± 0.2 1.1 ± 0.3 1.0 ± 0.3 -0.1 ±
0.296
0.954
0.2
Anger (0-28)
1.7 ± 0.3 1.5 ± 0.3 -0.2 ± 0.2 1.5 ± 0.3 1.2 ± 0.3 -0.3 ±
0.081
0.507
0.2
Vigor (0-24)
4.3 ± 0.6 4.5 ± 0.5 0.2 ± 0.3
4.8 ± 0.5 4.8 ± 0.5 0.0 ± 0.3 0.383
0.558
Fatigue (0-24)
3.1 ± 0.3 2.5 ± 0.3 -0.6 ±
2.6 ± 0.3 2.4 ± 0.3 -0.2 ±
0.039
0.215
0.3*
0.3
Confusion (0-20)
1.4 ± 0.3 1.3 ± 0.3 -0.1 ± 0.2 1.1 ± 0.3 0.9 ± 0.3 -0.1 ±
0.140
0.943
0.2
Total Mood (100-176)
105.3 ±
104.0 ±
-1.3 ± 0.9 103.2 ±
102.3 ±
-0.9 ±
0.074
0.655
1.4
1.4
1.4
1.4
0.9
Results are presented as LS mean ± SEM, n=37, significance set at p<0.05. Data were analyzed using a doubly
repeated-measures ANOVA adjusted for age, sex, and body mass at each time point. 1arbitrary units, measured by
the Profile of Mood States questionnaire, *indicates a within treatment change p=0.017. Med-Control,
Mediterranean-style eating pattern with ~200 g/wk of lean unprocessed red meat; Med-Red, Mediterranean-style
eating pattern with ~500 g/wk of lean unprocessed red meat

Table 4.4 Supplemental Table 2: Changes in Indexes of Perceived Sleep Measured after
Consuming Med-Red vs Med-Control for 5 Weeks
Outcome, au1

Med-Red
Med-Control
Pre
Post
Change
Pre
Post
Change
Time Time*Diet
0.0 ±
0.0 ±
-0.1 ±
0.0 ±
0.0 ±
Sleep duration
0.1 ± 0.1 0.455 0.226
0.1
0.1
0.1
0.1
0.1
1.3 ±
1.2 ±
-0.1 ±
1.3 ±
1.2 ±
-0.1 ±
Sleep disturbances
0.055 0.821
0.1
0.1
0.1
0.1
0.1
0.1
0.9 ±
0.8 ±
-0.2 ±
0.9 ±
0.9 ±
Sleep latency
0.1 ± 0.1 0.232 0.236
0.1
0.1
0.1
0.1
0.1
0.6 ±
0.5 ±
-0.1 ±
0.6 ±
0.5 ±
-0.1 ±
Daytime dysfunction
0.150 0.773
0.1
0.1
0.1
0.1
0.1
0.1
0.3 ±
0.3 ±
0.2 ±
0.3 ±
Habitual sleep efficiency
0.0 ± 0.1
0.1 ± 0.1 0.289 0.715
0.1
0.1
0.1
0.1
1.1 ±
0.9 ±
-0.3 ±
1.1 ±
0.9 ±
-0.2 ±
Subjective sleep quality
0.003 0.552
0.1
0.1
0.1
0.1
0.1
0.1
0.4 ±
0.4 ±
-0.1 ±
0.4 ±
0.3 ±
Sleeping medication usage
0.0 ± 0.1 0.336 0.517
0.1
0.1
0.1
0.1
0.1
5.1 ±
4.3 ±
-0.7 ±
4.8 ±
4.6 ±
-0.2 ±
Global sleep score
0.065 0.155
0.4
0.4
0.4
0.4
0.4
0.3
Results are presented as LS mean ± SEM, n=39, significance set at p<0.05. Data were analyzed using a doubly
repeated-measures ANOVA adjusted for age, sex, and body mass at each time point. 1arbitrary units, measured by
the Pittsburgh Sleep Quality Index. Med-Control, Mediterranean-style eating pattern with ~200 g/wk of lean
unprocessed red meat; Med-Red, Mediterranean-style eating pattern with ~500 g/wk of lean unprocessed red meat.
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CONCLUSIONS AND FUTURE DIRECTIONS

The research presented in this dissertation suggest that consuming red meat above
recommended amounts, as mostly unprocessed beef and pork, has no negative effects on
cardiometabolic disease risk factors and indexes of personal well-being. Further, reducing lean
unprocessed red meat consumption in the context of a healthy eating pattern provides no further
benefits on cardiometabolic disease risk factors or indexes of well-being compared to typical red
meat intake amounts of U.S. residents. Reducing red meat consumption below typical intakes
(~1 70g serving per day) may potentially inhibit improvements in atherosclerotic-promoting
lipids and lipoproteins and feelings of vitality. The research presented in this dissertation refutes
the need for U.S. residents to lower red meat intake, particularly in the context of a healthy
eating pattern, to improve health if the red meats consumed are lean and unprocessed.
Observational and experimental research support that consuming unprocessed red meat does
not increase the risk for cardiovascular disease or associated risk factors. However, some
speculation remains about how unprocessed red meat intake influences type 2 diabetes risk.
Observational research suggests that every 100 g of unprocessed red meat consumed increases
the risk of developing type 2 diabetes by 19% mainly in the context of Western-style eating
patterns. Future cohort analyses need to include refined carbohydrate intake and more precise
measures of adiposity in the model to determine if the positive association between unprocessed
red meat intake and type 2 diabetes persists when correcting for these influential factors.
Additionally, there is a need for systematic review of published randomized controlled trials to
compile the effects of consuming red meat in the context of various eating patterns on markers of
glycemic control and related inflammatory markers. Several randomized controlled trials, such
as Chapter 3, show no changes in fasting markers of glycemic control when consuming red meat
in the context of heart healthy eating patterns. However, the eating patterns in these studies
(DASH and Mediterranean-style) are largely not effective to improve markers of glycemic
control in the absence of exercise or weight loss. Randomized controlled trials assessing the
effects of consuming lean unprocessed red meat in the context of diabetes-focused eating
patterns (such as weight loss or low-carbohydrate) on markers of glycemic control are needed.
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Chapters 3 and 4 of this dissertation suggest that lean unprocessed red meats may be an
integral component of a Mediterranean-style eating pattern to improve atherosclerotic-promoting
lipids and lipoproteins and participants’ energy level to accomplish necessary daily tasks,
respectively. These results are provocative and require replication. Consumption of the
Mediterranean-style eating pattern with typical red meat intakes resulted in slightly greater body
mass loss (-1.6 ± 0.5 kg) than the Mediterranean-style eating pattern with recommended red meat
intakes (-1.0 ± 0.5 kg). Although the statistical model controlled for body mass at each time
point, we can’t completely rule out the potential confounding of the differential changes in
weight on the differential changes in the previously mentioned dependent variables. Replication
of this randomized controlled trial is needed with stricter body mass control throughout both
interventions and during the washout period. Replication of this study with more frequent body
mass measurements and caloric adjustments will better isolate the effects of red meat
consumption, independent of weight loss, on atherosclerotic-promoting lipids and lipoproteins
and energy status to accomplish daily necessary tasks. Further, this will also address the question
if a Mediterranean-style eating pattern is only effective to improve these previously mentioned
dependent variables in the presence of weight loss >1 kg.
Short-term dietary interventions that focus on reducing red meat intakes in the context of a
healthy eating pattern are no more effective to improve indexes of personal well-being than a
typical red meat intake control eating pattern. The results presented in Chapter 4 suggest that
reducing red meat consumption in the context of a Mediterranean-style eating pattern may inhibit
potential improvements in energy to accomplish necessary daily tasks. Yet, the improvements in
Chapter 4 are modest (6%) and the end intervention values are still poor (64% out of 100%). The
magnitude of these changes are similar to previous research showing ~11-15% improvements
over 12 weeks and <70% end-intervention values with adoption of an eating pattern similar to
our Mediterranean-style with typical red meat intake amounts. More research is needed to assess
what aspects of eating pattern interventions can improve indexes of personal well-being,
particularly vitality which is the poorest scoring quality of life domain in the previously
mentioned studies. Future research should explore potential explanations and mechanisms as to
how red meat may promote better quality of life and mental health such as body iron status or
overall greater satisfaction to a less restrictive but still healthy eating pattern.
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The research presented in this dissertation showed no or minor effects of consuming a
Mediterranean-style eating pattern, independent of red meat intake amount, on daily mood states,
mental health, subjective sleep quality, or measures of nighttime actigraphy. Our study design
did not have inclusion/exclusion criteria related to these outcomes which resulted in a
convenience sample of participants who had low daily mood scores (<2 out of up to 32 au on
POMS), good mental health (~80% out of 100%), and were good sleepers (<5 out of 21 on PSQI
and slept for ~7 hours per night). This group of participants had little room for improvement in
these dependent variables with adoption of a Mediterranean-style eating pattern. Randomized
controlled trials are needed in populations with poor mental health or sleep in order to assess the
effects of red meat-containing healthy eating patterns on these measures of personal well-being.
Total red meat consumption is independently associated with an increased risk for a wide
variety of diseases and causes of death. Some associations are nonsensical with no plausible
biological mechanism, such as higher red meat consumption increasing the risk for accidental
death. This lack of specificity warrants applying causality criteria, such as Hill’s or GRADE, to
the totality of observational and experimental evidence available (which is plentiful). These
criteria are designed to imply casualty i.e. does higher red meat intake truly increase disease risk
or are the associations driven more by the lifestyle of high red meat consumers (more likely to be
men, smokers, less physically active, overweight/obese, with less fruit, vegetable, and fiber
intake)? This comprehensive assessment needs to consider the eating pattern in which red meat is
consumed (Western-style vs healthy eating pattern), confounding lifestyle factors associated with
red meat consumption as well as the eating patterns, cultural differences (with what, with who,
where, and how is the red meat being consumed?), and how the red meat is being defined by
researchers and categorized within the confines of the dietary assessment method used. The
potential systematic bias of these confounding factors is often not considered in meta-analyses of
prospective cohort data and is needed in order to formulate dietary recommendations about red
meat consumption.
It is evident, supported by this dissertation and previous research that healthy eating patterns
do not need to be low in red meat in order to improve cardiometabolic health and personal wellbeing, if the red meats consumed are lean and unprocessed. However, this research poses the
question whether weight loss >1kg is necessary to provide health benefits. Researchers and
policy makers need to readdress how the limitations of this body of literature influences
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scientific conclusions translated into dietary recommendations and public policy. Future dietary
guidelines advisory committees need to not only address meat source and amount consumed but
also the degree of meat processing and overall quality of recommended eating patterns.
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